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Tue danger of deterioration of the world’s stock of human genes through the 
accumulation of harmful mutations was forcefully pointed out at the 1949 
annual meeting of the American Society of Human Genetics by our president 
for that year, H. J. Muller (1950). The harmful mutations that occur in primi- 
tive human populations may be assumed usually to be eliminated in time by 
natural selection. In our modern societies, however, many individuals who 
carry serious hereditary defects survive to transmit their harmful genes to their 
offspring. Even persons who carry such unfortunate traits as diabetes, perni- 
cious anemia, or retinoblastoma can often be kept alive by medical treatment. 
The mutations that are responsible for these and numerous other serious dis- 
eases consequently have a tendency to accumulate and to reach a higher level 
of frequency in modern than in primitive populations. 

One method for preventing the transmission of a harmful hereditary trait 
is to destroy those individuals who exhibit the trait. This drastic method was 
in fact employed by the rulers of Nazi Germany, but it is utterly repugnant to 
most persons. 

Only two practical ways seem to be available for eliminating harmful genes 
from a modern human population. Either those persons who carry hereditary 
defects may be segregated or sterilized by the state, or they may voluntarily 
refrain from reproduction. 

Segregation or sterilization of defective persons unquestionably may result 
in the elimination of harmful heredity. The effectiveness of such a program, 
however, is dependent upon the proportion of persons with defective genes 
who are segregated or sterilized out of the total number of such persons in the 
population. Most states now have laws which, under proper safeguards, permit 
the sterilization of defectives. Actually the number of individuals sterilized 
each year is few. In the year 1948, for example, only 1336 persons were re- 
ported by Birthright to have been sterilized in the United States and 986 in 
Puerto Rico. Beneficial results are certainly being obtained through the steri- 
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lization of the more obvious defectives, but the annual reduction in the number 
of harmful genes in the population must be slight. The number of genes re- 
sponsible for any given harmful trait which are being removed per year by 
sterilization from any population is undoubtedly far less than the annual 
mutation rate at that gene locus. 

Any program of sterilization sufficiently extensive to eliminate any large 
proportion of harmful genes from a human population would interfere seriously 
with the liberties of the people. No sane geneticist would be willing to assume 
the responsibility for deciding just which ones of his friends and neighbors 
should be sterilized. Nor should such authority be given to any government 
official or board. I am sure that Republicans, for instance, would object vio- 
lently, and very properly, to giving such authority to a board composed of 
Democrats! 

Sterilization of those persons who carry obvious hereditary defects should 
continue to be carried out on a voluntary basis. Sterilization often is especially 
desirable from sociological considerations, because those persons who are defec- 
tive mentally or who suffer from other serious handicaps often are not qualified 
to rear a family. The number of persons sterilized per year could be consider- 
ably increased with profit. Sterilization programs, however, in my opinion 
offer little promise of removing any large proportion of the defective heredity 
which is present in human populations. 

In a democracy, such as ours, any program for the improvement of human 
heredity must be based on the voluntary cooperation of the citizens. Compul- 
sion should play no part in such a program, except only in the most extreme 
cases of irresponsibility. The attempt to impose dictatorial restraints on human 
reproduction could easily lead to conditions far worse than the selling of goods 
in the black markets or the bootlegging of alcoholic liquors. Voluntary absten- 
tion from reproduction by those persons who carry hereditary defects is con- 
sequently the only practical method for eliminating any considerable. number 
of harmful genes from the population of a democracy. 

With only rare exceptions every person is interested in his heredity. From 
my experience in giving advice about heredity to families in all walks of life 
I can affirm that every parent desires his children to be free from serious handi- 
caps and to be physically and mentally well endowed. If there is known to be 
high probability of transmitting a serious defect, it would be an abnormal per- 
son indeed who would not refrain from having children. 

The cooperation of the people in a program for the voluntary limitation of 
the reproduction of inherited defects, therefore, can certainly be obtained. 
The success of any such program, however, is dependent upon each family 
being given dependable advice. The education of the people in the general 
principles of heredity will help them to use advice wisely, but no amount of 
education will enable most people to discover which of their traits are inherited 
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and which not, nor to enable them to estimate the likelihood that a child will 
inherit a particular trait. Even a highly trained geneticist often is unable, with 
our present knowledge of human heredity, to advise what the chance is that 
a particular character will appear in the children of a given pair of parents. 
Many hereditary defects are affected in their expression by the other genes 
which the parents carry. Advice in this complex field, if it is to be useful, can 
only be given by a person who has had considerable training in human genetics. 

For advice on human heredity most persons naturally turn to their physi- 
cians. Unfortunately, very few physicians have received any training in human 
genetics. Even if a physician has received some instruction in this complex 
subject, he will seldom have the time or facilities to make the detailed study 
of the affected family which is necessary before dependable advice can be given. 
A number of cases have come to my attention in which families have received 
advice from their physicians which was based on insufficient knowledge. The 
physicians here are to be sympathized with rather than blamed. They must 
have more training in genetics and more assistance from human geneticists if 
they are to give advice about heredity which is fully reliable. 

An heredity clinic is, in my opinion, one of the best devices to give help to 
physicians and others in problems which concern human heredity. I shall con- 
sequently now proceed to outline briefly some of the ways in which an heredity 
clinic can serve a community and some of the necessary features in its organiza- 
tion. 

The problems in human heredity which may be presented to an heredity 
clinic are of many diverse kinds (Neel, 1951). For example, one or more defec- 
tive children may have been born to a particular couple and advice be sought 
whether a subsequent child is likely to exhibit the defective trait. Or a couple 
may ask what the chances are that their prospective child will exhibit an heredi- 
tary defect known to occur among the relatives of the husband or of the wife. 
A man and woman may ask before marriage what the chances are that a par- 
ticular unfortunate character in one or other of the families concerned may be 
transmitted to the prospective offspring. A children’s placement bureau may 
ask whether a child being offered for adoption may, as he grows older, exhibit 
certain traits known or suspected to occur in one of the parents. The answers 
to these and many other similar types of questions are of direct vital concern 
to one or more persons and in their broader implications they may affect the 
welfare of many individuals in the community. 

The first step for obtaining a sound basis for answering any question about 
the heredity of a particular undesirable or desirable trait is to draw up a kin- 
dred pedigree for the person or persons concerned. This pedigree should give 
the full names of all the known near relatives, together with their dates of 
birth and death, and the names of their spouses. It is best to file this informa- 
tion on record sheets by sibships, in addition to exhibiting it graphically on a 


+t LEE R. DICE 


pedigree chart. Information should also be obtained about the occurrence 
within the kindred of all suspected cases of the trait or traits in question and 
about other characters which might be related in heredity. This hearsay in- 
formation should be recorded in as much detail as is available, together with 
the names of the informants, so that it may be used as a basis for later more 
detailed examination of the individuals. Except for gross physical abnormalities 
which can easily be detected, however, little reliance is to be placed upon such 
statements without verification upon examination by a competent professional 
person. 

The pedigree chart having been drawn and as much information as possible 
about the trait in question having been obtained from the family, it may some- 
times then be possible to draw reliable inferences about the heredity of the 
trait. This will most frequently be true for those traits whose heredity is already 
well known and which exhibit a simple mode of heredity. 

Often, however, the information supplied by the family and by the family 
physician will be inadequate to establish a genetic diagnosis and a more ex- 
tended study will be necessary. In such case the next step is to examine as many 
of the near relatives of the propositus as are available. Each available member 
of the kindred should be examined by a person competent to recognize any 
trace of the trait. Those relatives who are reported to be free of the difficulty 
should be examined as carefully as those who are reported to be affected. Many 
persons are unaware that they exhibit in minor degree a family defect that is 
severe in certain of their relatives. Especially desirable for examination are the 
brothers and sisters, parents, uncles and aunts, and grandparents of the proposi- 
tus, but cousins, great aunts and great uncles, and other relatives may also 
provide information of value. These examinations are usually laborious and 
often are expensive, but for many traits there is no other way to secure reliable 
information on which to base a genetic diagnosis. 

Most persons are cooperative and are willing to be examined, so long as they 
can thereby aid a relative or can contribute to the advancement of the knowl- 
edge of heredity. This at least is the experience of the Heredity Clinic of the 
University of Michigan. Certain of the more distant relatives, however, may 
be unwilling to spend the time and effort required to travel very far in order to 
be examined at a clinic. These persons often must be examined in their homes, 
where fully adequate facilities may not be available. Only rarely does an in- 
dividual obstinately refuse to be examined. 

Should a certain member of a kindred under study have been examined at a 
hospital clinic or by a private specialist, it may be possible to obtain a copy of 
his record and thus to avoid the necessity of examining him again. The main- 
tenance of cordial relations with hospitals and physicians is consequently essen- 
tial. 
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The keeping of detailed and precise records is a necessary responsibility of 
every heredity clinic. Individuals who have previously been studied may return 
for additional advice or to supply additional information. With the passage of 
time new members of every kindred are born and others develop new symptoms. 
Additions to the records and corrections, therefore, need frequently to be made. 
A person who comes to the clinic for advice will sometimes be surprised that we 
already know more about his relatives than he does. Abbreviations and scien- 
tific jargon should be avoided in the records. Sufficient details about the clinical 
methods employed should be given so that the records will be fully understand- 
able ten or perhaps 100 years from now. 

Each person who is referred to an heredity clinic by a professional person 
should if possible bring a written statement giving the details of the problem. 
A statement from the family physician is almost indispensable in those cases 
where a medical problem is involved. 

The information which comes to an heredity clinic must be held in the 
strictest confidence. There seems to be no objection to giving any person such 
information as is on file about the names and relationships of other members 
of his own kindred. He will not be told, however, about illegitimate births or 
adoptions, or given the dates of birth of elderly women. Nor will he be told 
the results of any clinical examination, unless he is a parent, guardian, or is 
otherwise legally entitled to such information. The divulgence of confidential 
information might expose a clinic to a law suit for damages. Any suspicion of 
laxity in guarding the records also would make informants reticent about tell- 
ing what they know. It is customary to supply information to physicians and 
other professional persons, but the records should never be opened to graduate 
students or to non-professional workers. 

When the clinical examinations have been completed, the data recorded, 
and the pedigree chart duly prepared, the type of heredity of the trait in ques- 
tion will sometimes be evident. If the trait under study is one whose mode 
of heredity has previously been published, and if no unusual features are present 
in the kindred under investigation, it may be possible at once to answer with 
considerable confidence the questions about heredity which initiated the in- 
vestigation. 

In no case, however, should the geneticist presume to tell a couple whether 
or not they should have a child. All the geneticist can do is to advise what the 
chances are that a child of given parents may exhibit a particular hereditary 
trait. He can estimate that each child of the inquiring couple will have one 
chance in two, one chance in four, or some other probability of inheriting the 
defect in question. Often he must regretfully tell them that from the informa- 
tion at hand he cannot give a reliable prediction of the heredity of the trait. 
More happily he may be able to tell the enquirers that the probability is very 
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slight that any child of theirs will inherit the defect. He cannot, however, make 
the decision whether any couple should marry or whether they should have a 
child. 

So far in this talk, attention has been directed mostly toward the elimination 
of harmful genes from human populations. Human geneticists are interested, 
however, not only in the decrease of harmful genes, but also in the increase of 
desirable ones. The obligations of an heredity clinic will not be fully discharged, 
therefore, if it confines itself entirely to the heredity of medical pathologies. 
Every clinic should be concerned also with the heredity of superior health and 
superior mental ability. It is difficult to give advice or to secure dependable 
information about the heredity of superior traits, for superiorities seem usually 
to result from a combination of favorable factors, both hereditary and environ- 
mental. Progress can certainly be made, however, in the discovery of the fac- 
tors involved in the production of superior human traits when this problem is 
given the attention it deserves. 

Among the mental traits which are of especial interest to society are those 
which are related to temperament and social adjustment. In our complex 
modern societies the ability to live in harmony with one’s associates and to 
accept social responsibility is a special ability of high value. Little is known 
about the heredity of temperament or of social cooperation, but there can be 
no doubt that heredity is in part responsible for these aspects of human be- 
havior. In giving advice to families the geneticist should, therefore, always 
consider superior health, mental ability, and social worth in addition to heredi- 
tary defects. 

It is unfair to stress only the unfavorable heredity which a family may carry. 
Many persons who exhibit certain hereditary defects may in other respects be 
superior. Every one of us carries at least a few undesirable genes. Muller (1950) 
estimates that each person probably is heterozygous on the average for at 
least 8 genes and possibly for scores, each of which is at least slightly detri- 
mental. If every person who carries a defect in his heredity should refrain from 
having children, the human race would become extinct in one generation. In 
giving advice to families, attention should consequently be directed to their 
good heredity as well as to their bad. The chance that a child may inherit su- 
perior ability may often outweigh the chance of his being defective in some 
minor or even major character. 

The fact that the precise mode of heredity of many human traits is unknown 
does not prevent the giving of advice concerning the expectation that a given 
child may or may not be like his parents. It is not necessary to know the precise 
mode of heredity of any trait in order to select for or against it effectively, as 
has been pointed out by Muller (1950). It can confidently be assumed that 
heredity plays at least some role in the production of most human traits. 

The giving of advice about heredity to families is not the only responsibility 
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of an heredity clinic. Each kindred that is studied carefully in order to obtain 
a sound basis for the giving of advice adds to our knowledge of human heredity. 
Every heredity clinic has an obligation to make this knowledge available to 
other human geneticists and to the world at large. To this end each clinic should 
if possible have a sufficiently large staff so that the results of its studies can 
be prepared for publication. Information hidden in the files is only partly use- 
ful even to the staff of the clinic concerned. 

Another obligation of every heredity clinic is the giving of instruction in the 
methods and concepts of human genetics. At the present time there is a dearth 
of persons who are well trained in this field. Among other unfortunate results, 
the shortage of trained human geneticists is delaying the installation of new 
heredity clinics. 

Instruction in medical genetics to students in medical school is a particularly 
valuable service which the staff of an heredity clinic should supply, it they 
happen to be connected with such a school. At the present time only a few 
medical schools offer instruction in human genetics to their students. This 
amazing fact is perhaps to be explained by the recentness with which the prac- 
tice of medicine has changed from emphasis on infectious disease and malnutri- 
tion to constitutional disease. The great increase of human longevity, due to 
the recent acquirement of control over most infectious diseases and the im- 
provement of our diets, has resulted in the major causes of mortality now being 
based at least in considerable part on hereditary factors. The medical schools 
are rapidly adjusting to this change in the problems that confront physicians, 
but they have by no means yet made all the necessary changes in their cur- 
ricula. 

Every heredity clinic which is connected with a University should also be 
prepared to direct the work of graduate students who are taking their doctorate 
in human genetics. Many students trained professionally in this field will be 
needed to staff the new heredity clinics which will in the near future be estab- 
lished in this country. At times, also, the staff of an heredity clinic may be 
called upon to give lectures in human heredity to undergraduate and to exten- 
sion classes. 

Let me now turn to some of the practical aspects of the organization of an 
heredity clinic. The minimum staff required for the successful operation of such 
a clinic includes a geneticist, a physician, a secretary, and a laboratory assist- 
ant. Certain of these persons, however, can if necessary be employed only on a 
part-time basis. The geneticist should be trained in the special techniques of 
human pedigree analysis and should be well acquainted with the literature of 
human heredity. The physician should preferably be a specialist in some medi- 
cal field. The combination in one person of a geneticist and a physician is es- 
pecially favorable. 


At least one of the scientific members of the staff of each heredity clinic 
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should be on a full-time basis, so that he will be available by appointment when 
he is needed and so that he can give his undistracted attention to the work. 
At least one member of the staff also should hold the degree of doctor of medi- 
cine. Only a physician is permitted to make certain of the necessary examina- 
tions. A physician also will have more ready access than a non-medical man to 
the records of hospitals and of other physicians. It is not essential that the 
physician be on a full-time basis with the clinic, though he should be available 
regularly for certain hours of each week. 

The clinical laboratories and special clinics usually found in a large hospital 
are indispensable for the satisfactory operation of an heredity clinic. It is con- 
sequently impractical to attempt to operate such a clinic except in close co- 
operation with a well equipped hospital. 

The minimum space required for an heredity clinic is a general office and 
waiting room and an office for each member of the staff. A medical examining 
room, clinical laboratory, library and seminar room, photographic studio, and 
photographic darkroom also are needed, but may be shared with other units. 
The precise needs for examining rooms and laboratories will depend upon the 
special problems in heredity which are to be investigated. 

None of the heredity clinics now in operation in North America charges a 
fee for its services. These clinics are variously supported by universities, hos- 
pitals, endowments, and/or research grants. Part of the support for an heredity 
clinic could possibly be obtained from fees. Some of the problems in heredity 
which may be presented to a practicing physician or to a clinic are fairly simple 
and require no extensive investigation for their solution. If the family can afford 
it, the payment of a fee for this service would be in line with customary medica! 
procedure. 

Many of the problems that come to a clinic, however, require extensive stud- 
ies of the relatives, including sometimes the taking of expensive X-rays or 
the making of numerous laboratory examinations. The family of a patient who 
is acutely ill will often be willing and sometimes will be able to pay the cost of 
these examinations and might more rarely be able to pay a proportionate share 
of the salary of the consulting geneticist as well as the fee of the physician. 
Those relatives who are presumably well, however, will seldom be willing to 
pay any considerable amount for examinations of themselves. The genetic 
study of a kindred often involves many people and in the aggregate may be- 
come so expensive that only a very wealthy family could afford the cost. Yet 
it is often the family without financial resources which most needs help. When 
our knowledge of human heredity is further advanced, it may then be possible 
to operate certain heredity clinics on a fee basis, but at the present time this 
seems to be impractical. 

If an heredity clinic is to operate also as a research unit, it must not only 
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pay the salaries of its staff and its necessary operating expenses, but it must 
have certain other resources. Its budget must contain an item to pay the cost 
of those necessary clinical and laboratory examinations which it is not itself 
equipped to make. The clinic will also sometimes have to pay the cost of trans- 
portation for certain persons who are asked to come to it for detailed study, and 
in rare cases may have to reimburse them for the hours of regular labor thereby 
lost. The clinic budget must also include an item to pay the cost of the travelling 
expenses of its staff to examine in their homes those members of a family under 
study who are unwilling or unable to come to the clinic. 

At the present time, unfortunately, there are only a few places in North 
America where persons can go for advice about their heredity. So far as Iam 
aware the first organized institution in the United States for the study of hu- 
man heredity and for giving advice to families was the Eugenics Record Office. 
This Office was established in 1910 at Cold Spring Harbor, New York, under 
the directorship of Charles B. Davenport (McDowell, 1946). Its support came 
from an endowment given by Mrs. E. H. Harriman. The Eugenics Record 
Office in 1918 became a part of the Carnegie Institution of Washington. Its 
studies of human heredity were later abandoned. The accumulated records of 
the Office were in 1948 transferred to the Dight Institute of the University of 
Minnesota. 

After the Eugenics Record Office became inactive, human heredity was for 
a long time largely neglected in North America as a subject for research, though 
individual students, especially physicians, continued to publish from time to 
time articles dealing with the heredity of particular characters. 

H. H. Newman of the University of Chicago was one of those persons who in 
this period made active contributions to human heredity. His classic studies of 
twins opened an important new field of research. Since the retirement of Dr. 
Newman the University of Chicago has continued to support research and 
teaching in human heredity. In addition to the graduate instruction which he 
gives in this subject Herluf H. Strandskov has for many years given a large 
amount of family counseling in heredity, although the University has at pres- 
ent no organized clinic in this field. 

Much credit for the recent revival of interest in human heredity in North 
America must go to Laurence H. Snyder, who through research, teaching, 
writing, and speaking has perhaps done more than any other one person on 
this continent to promote teaching and research in human genetics. The gratify- 
ing increase of interest in this field can be expected still further to increase under 
the influence of the American Society of Human Genetics and of its Journal. 

The Heredity Clinic of the University of Michigan was initiated in 1940 
under a research grant from the Board of Governors of the Horace H. Rack- 
ham School of Graduate Studies. C. W. Cotterman and C. Nash Herndon were 
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the first members of the staff. James V. Neel has been the physician-in-charge 
of the Clinic since May, 1946. At the present time the Clinic is supported 
through the budget of the Institute of Human Biology and through research 
grants from outside sources. 

The Dight Institute of the University of Minnesota was organized in 1941, 
under the directorship of Clarence P. Oliver. Doctor Oliver resigned in 1946 
and was replaced by Sheldon C. Reed, the present director. The Dight Insti- 
tute maintains a clinic which provides counsel on human heredity to individuals 
and to physicians, hospitals, and agencies of both a public and private nature. 
A physician, Ray Anderson, who also has a doctorate in genetics, is a member 
of the staff. The Institute is supported by its endowment and by research 
grants. 

At Winston-Salem, North Carolina, the Out-patient Department of the 
North Carolina Baptist Hospital, which is the teaching hospital of the Bow- 
man Gray School of Medicine, offers genetic advice as part of its consulting 
service. C. Nash Herndon is the director of the Out-patient Department. 
Genetic advice also is available to patients in other parts of the hospital and to 
private patients. This service is in considerable part an outgrowth of the inter- 
est of the late Dr. William Allan in the study of human heredity in North Caro- 
lina. 

At the University of Utah the Laboratory of Human Genetics, in which 
F. E. Stephens serves as Geneticist, offers consulting service in close coopera- 
tion with the Medical School. A considerable number of pedigrees of families 
from the state of Utah are already on file. A research grant aids in supporting 
the project. 

Clarence P. Oliver of the University of Texas offers individual counseling 
service on human heredity, but due to crowded quarters he has not been able 
to handle many families. Quarters in a new building will be available in the 
near future and Dr. Oliver plans at that time to expand considerably his coun- 
seling service. 

The University of Oklahoma has no clinic which is regularly open to provide 
advice on human heredity, but Laurence H. Snyder and Paul R. David give 
advice from time to time to families which are referred to them. The College 
of Medicine cooperates in making the necessary medical examinations. 

The Department of Genetics of the Hospital for Sick Children in Toronto 
operates an heredity clinic under the direction of Norma Ford Walker. There 
is close cooperation with the Department of Zoology of the University of To- 
ronto. The Department of Genetics is supported by a research grant. The neces- 
sary medical examinations are made by the Hospital staff. Requests for ad- 
vice come from all over Canada. 

A Department of Medical Genetics has recently been organized in the Chil- 
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dren’s Memorial Hospital of Montreal under the directorship of F. Clarke 
Fraser. This Department is sponsored jointly by the Hospital and by the De- 
partment of Genetics of McGill University and is supported by a research 
grant. Counseling service is provided for the hospital patients and others. 

A number of other individuals and groups in North America are engaged in 
the study of special problems in the field of human genetics, but to the best of 
my knowledge none of these have an organized consulting service. At Ohio 
State University, for instance, the Institute of Genetics, under the director- 
ship of D. C. Rife, is engaged in studies of population genetics and of twins. 
Robert M. Stecher and Amos H. Hersh, in Cleveland, form a research team 
which has made valuable contributions to our knowledge of the heredity of a 
number of medical pathologies. Numerous other devoted investigators are 
engaged in studies of the heredity of particular human traits. Very few of these 
investigators, however, are in a position to give genetic advice to more than 
at most a very few selected families. 

Numerous hospitals and other units offer consulting service about the hered- 
ity of the blood antigens, especially the Rh factors. Many medical specialists 
also regularly offer advice about the heredity of those particular traits which 
they are treating. These specialists, however, cannot be expected to be compe- 
tent to give advice about the whole range of heredity in any family. 

From the above brief review it is evident that the facilities now available in 
North America for advice on human heredity are woefully inadequate. At less 
than a dozen places on the whole continent are there clinics where competent 
advice on all phases of human heredity is regularly offered. As a result of this 
deficiency only a very small fraction of our families can secure dependable 
advice on problems which concern their heredity. 

That many people feel an urgent need for advice about their heredity is 
shown by the many letters which the Heredity Clinic of the University of Mich- 
igan receives from people in all parts of our country. Whenever this Clinic 
receives any publicity in the papers, Dr. Neel can expect to receive a flood of 
requests for advice. These requests make us very sad, because we can only 
undertake to study those families which can come to Ann Arbor for examina- 
tion. To attempt to give advice on heredity by mail would be very much like 
making a medical diagnosis by mail. Unfortunately, there is rarely any institu- 
tion in their own neighborhoods to which these families can be referred for 
advice. 

In my opinion, there should be a sufficient number of heredity clinics in 
every state so that any family which desires advice about its heredity can go to 
a clinic in its own city or at least in its own county. Every large center of popu- 
lation should have at least one heredity clinic which is regularly open to the 
public. Every hospital which maintains a diagnostic clinic of any kind should 
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have some arrangement by which advice on human genetics can also be pro- 
vided. For the more sparsely populated areas it should be possible to provide 
roving clinics which divide their time between a series of local centers. No 
citizen should be beyond the reach of dependable advice about his personal 
problems of family heredity. It is gratifying to note that.the number of hered- 
ity clinics in North America is increasing at an accelerated rate, but it will 
take many years to meet our most minimal requirements. 

It will rarely be practical for an heredity clinic to charge fees for its services, 
as I have earlier pointed out. Consequently an heredity clinic cannot usually 
be self-supporting. The persons who most need advice on heredity are often 
unable to make even a small payment for such service. Few persons or families 
could afford to pay the cost of an extended investigation of their family hered- 
ity. Human genetics is a community problem and the cost of providing advice 
and of research in this field should be borne by the state, just as the costs of 
most other projects that affect public health are borne by the commonwealth. 

Our state agricultural experiment stations and the United States Department 
of Agriculture perform a valuable service in studying the mode of heredity of 
the characters of our domestic plants and animals. The information so obtained 
is made freely available to every farmer and to every stock breeder. That the 
states and the nation have a vital interest in and a responsibility for the im- 
provement of our domestic strains of wheat, chickens, and pigs is now generally 
accepted. Should not the states and the nation accept a similar responsibility 
for the improvement of the heredity of our human population? 

The success of every community is dependent upon the type of heredity 
carried by its members. Defective heredity which results in the production of 
persons with serious handicaps, such as idiocy, blindness, deafness, dwarfism, 
muscular atrophy, anemia, hemophilia, or the tendency to other serious disease 
is not only a calamity for the families concerned, but constitutes a serious drain 
on the resources of the community. On the other hand, it is to the advantage of 
every community to encourage the production of citizens with superior health, 
outstanding mental ability, and satisfactory adjustment to community life. 
Improvement in human heredity is an aspect of public health which is of vital 
importance to every state and nation. 

The number of persons who are handicapped in their everyday life by hered- 
itary defects is much greater than is generally realized. Neel (1951) estimates 
that a minimum of 1,000,000 persons in the United States are affected by dis- 
ease which has a clear-cut genetic basis. This estimate is probably too low, for 
Falls (1949) states that nearly sixty per cent of the blindness which occurs in 
children is due to congenital and hereditary diseases. It is a rare family indeed 
that is free from hereditary defects of lesser or greater severity. The elimina- 
tion of this defective heredity from our population is a problem of great magni- 
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The elimination of defective genes and the overall improvement of human 
heredity can, in my opinion, best be secured, first, by obtaining more precise 
information about the mode of heredity of human traits and, second, by pro- 
viding facilities so that families can obtain dependable advice in regard to their 
heredity. These two objectives can in part be approached together, for, as I 
have pointed out, the giving of dependable advice to a family often involves 
a certain amount of research on the mode of heredity of the trait in question 
in that particular family. 

The mode of inheritance of human traits and the extent to which hereditary 
potentialities may be modified by environmental influences and by special 
treatments must first of all be ascertained through research. Such research can 
be carried out either in connection with an heredity clinic or independently of 
such a clinic. It is easier to study the heredity of certain kinds of traits than of 
others. Special mental ability, temperament, and superior health are particu- 
larly difficult to study, but the role that heredity plays in the production of such 
traits can also be discovered in time. We are still far from giving research in 
human heredity the attention that it deserves. The heredity of our population 
is our most important resource and its study should receive far greater support 
than it now is securing. 

Research in genetics, however, will not by itself directly produce any im- 
provement of human heredity. The knowledge of genetics which already has 
been acquired through research is at present largely unavailable to our people. 
The best way of providing advice on human heredity to those persons who need 
such help seems to be through heredity clinics. I urge, therefore, the establish- 
ment in every state of a series of heredity clinics which will cooperate closely 
with physicians, dentists, hospitals, schools, probate judges, welfare agencies, 
and others responsible for the public welfare, in order to provide dependable 
advice on human heredity. It is my firm conviction that such clinics can have 
a most important effect in improving the heredity of our population. 
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Sex Ratios in Partial Sex-linkage 


I. Excess of Affected Females from Consanguineous Matings 


MADGE T. MACKLIN 
Department of Medicine, Ohio State University, Columbus, Ohio 


In 1936 Haldane described a new type of hereditary transmission in man which 
he designated as partial sex-linkage. The genes are located on the homologous 
segments of the sex chromosomes. The fact that the gene is so located is revealed 
in the following manner: the sex of the offspring showing the defect tends to be 
the same as that of the parent from whom the father receives his mutant gene. 
If he acquires the gene from his father, it will be on the Y chromosome, and 
hence will tend to be transmitted to his sons. If he receives it from his mother 
on his X chromosome, he tends to transmit it to his daughters. In the case of 
a dominant gene, it is easy enough to detect which paternal grandparent passed 
on the mutant gene to the father; in the event of the gene being recessive, it is 
impossible to tell from which parent the mutant gene descended to the father 
of the affected child, except under two circumstances. The first is when there 
are paternal relatives similarly affected; the second is when the father and the 
mother of the affected child are related. If the gene is rare, the probability is 
high that the two cousins received their similar genes from a common ancestor, 
and, therefore, that the father derived his mutant gene from the parent through 
whom he is related to his wife. 

Following the appearance of Haldane’s paper, several articles appeared de- 
scribing traits which the authors felt were partially sex-linked. In 1939 Hal- 
dane published a paper on ‘“‘Systems of Inbreeding” in which he made a state- 
ment which seems to have been completely overlooked by students of human 
genetics since I have not found any reference to it in the literature, and which 
I also had not seen until I submitted a paper dealing with the same subject 
for publication, at which time, a member of the editorial board called my atten- 
tion to the sentence which is the only casual reference made to the subject in 
the whole of Haldane’s paper. He stated, “For incompletely sex-linked genes in 
man there should be a moderate excess of affected daughters among the prog- 
eny of cousin marriages. But for genes like “bobbed” in Drosophila where c” 
(the crossover value) “is very small, inbreeding should give a huge excess of 
affected daughters.’ In studying a family with xeroderma pigmentosum, and 
determining how the gene of a common ancestor was duplicated in the great- 
grandchild, I came to the realization that for every male born affected with a 
partially sex-linked recessive trait, in which the gene was duplicated from a single 
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ancestor by way of his related father and mother, there had to be at least one cross- 
over before he could show the defect; but that in an appreciable number of in- 
stances, a female could possess the duplicated gene of a single ancestor without 
any crossover taking place. This circumstance would lead to the excess of af- 
fected females mentioned above by Haldane. 

Haldane offered a formula which gives the ratio of affected females to af- 
fected males in offspring of cousin matings in terms of the crossover value, but 
without designating how he derived it. I shall discuss the matter in detail, and 
show the formulas which express this ratio. Outwardly, they do not appear to 
be the same as those of Haldane; actually they give the same numerical ratios, 
but are merely expressed differently. I shall also show that among the consan- 
guineous matings producing offspring affected with a partially sex-linked reces- 
sive gene, matings of a specific type will occur with greater frequency than such 
matings occur in the population in general, and this excess of certain varieties 
of cousin matings is linked up with the crossover value of the gene. First, how- 
ever, I will consider the excess of affected females derived from consanguineous 
matings. To do that, the four possible types of cousin matings must be pre- 
sented, and the frequency with which these occur in the population discussed. 

The four types of first cousin marriages: First cousins may be related in four 
ways, and since I am discussing cousins who marry, one must be a male and 
the other a female. The two cousins may be the offspring of two brothers 
(Type 1); or the offspring of two sisters (Type 2); or they may be the children 
of brother and sister, with this relationship occurring in two ways. The man 
may be the child of the brother, and his wife the child of the sister (Type 3) 
or he may be the son of the sister and the wife the daughter of the brother 
(Type 4). Inasmuch as the number of crossovers essential to get the mutant 
gene from the great-grandparent into an affected descendant differs in these 
four types of matings, it is necessary to see if there is any one type occurring 
more often than another, before we make the assumption that all types occur 
with the same frequency. 

Haldane cites Orel as having found among 822 cousin matings the distribu- 
tion listed in table 1. There are significantly more matings of type 2 than would 
be expected on the supposition that all types are occurring with equal fre- 
quency. These matings appear to have been collected not because of any de- 
fect appearing in the offspring, but merely because they occurred in the arch- 
diocese of Vienna. Haldane found among 96 matings of first cousins in England 
the distribution shown in table 1. He does not say from what source they were 
taken, and they are omitted from the totals in table 1 because they may be 
duplicates of some already listed there. It was suggested that I go over the 
literature where cousin matings were reported to determine the frequency of 
each kind of mating. At the time the suggestion was made it was evident that 
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no idea was entertained that the very nature of partially sex-linked gene in- 
heritance would cause an undue number of matings of types 2 and 4 to appear 
among the cousin marriages recorded in parents of children suffering from a 
defect inherited in this manner. This will be discussed later, and for the present 
the data as they appear will be recorded. The matings tabulated were those 
reported by Sjégren on amaurotic idiocy, those recorded by Pearson on al- 
binism, those reported by Lundborg in a large Swedish kinship, those found in 
the monograph of the Clarke School for the Deaf, those found in the literature 
on xeroderma pigmentosum and those found in the Treasury of Human In- 
heritance. Many first cousin matings recorded by Pearson and in the Treasury 


TABLE 1. THE FREQUENCIES OF THE FOUR TYPES OF COUSIN MATINGS FOUND IN THE LITERATURE* 


| | 
12 | 14 10 | 21 57 | 22 35 
Treasury Human In.................| 32 | 29 | 19 | 24 104 | Sil 53 
| 1s | 8 | 10 18 | 48 | 25 | 23 
| | | 
Teul........ 70 | 63 | 46 | 68 | 247 | 116 | 131 
| 149 | 274 | 169 | 230 | 822 | 318 | 504 
| 
| 


Haldane. . ies aces a 30 24 21 96 | 45 51 


* The four types of first cousin matings have the wife related to her husband as follows: 
Type 1. She is his father’s brother’s child. 

Type 2. She is his mother’s sister’s caild. 

Type 3. She is his father’s sister’s child. 

Type 4. She is his mother’s brother’s child. 


of Human Inheritance had to be discarded, since the type of relationship was 
not mentioned, and hence were useless for our purpose. Those that were usable 
are presented in table 1. If the matings of Orel are omitted, the distribution of 
matings among the four types is well within the range of sampling variation 
from a population in which all four types occur equally frequently. Haldane 
suggests that the excess of type 2, if it is a reality, might be due to the fact 
that women tend to move away from their place of origin less often than men, 
hence their offspring may be more likely to meet and mate than is the case in 
the other three types of cousin matings. 

If types 1 and 3 are grouped together, and types 2 and 4 are grouped, a sep- 
aration is achieved whereby those cousin matings in which the father is related 
through his maternal side to his wife are distinguished from those in which he 
is related through his paternal side. With the exception of the matings de- 
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scribed by Lundborg, and those in the monograph of the Clarke School for the 
Deaf, there is always an excess, although slight, of matings of types 2 and 4. 
The excess is, however, not statistically significant. Hence we may conclude 
that, apart from Orel’s data, there seems to be no tendency for one type of 
cousin mating to occur with any undue frequency in the populations studied. 
It is quite conceivable that in some cultures and among some peoples, one type 
of mating may take place significantly more often than any other kind. In 
all events, should the excess of matings of types 2 and 4 be a real one, it should 
accentuate the excess of females to be found among the affected offspring of 
cousin matings, involving a partially sex-linked recessive gene, even when all 
four mating types are occurring with identical frequencies. 

The site of the mutant gene on the sex chromosomes: Not only are there four 
types of cousin matings, but there are four sites at which the mutant gene 
may be located on the homologous segments of the sex chromosomes. It may 
occur on either of the X chromosomes of the female, or on the X or the Y of 
the male. This makes 16 possible combinations in which the gene in an ancestor 
may be duplicated in a descendant. These are set forth in figures 1 to 4, the 
first two figures showing the crossovers necessary to produce an affected male 
and the last two the same matings, but with the crossovers necessary to 
produce an affected female. The first mating in each row should be multiplied 
by 2 in actuality since it represents the probability of the gene being duplicated 
when it is located on the X chromosome of the female. In order to save space 
this is represented only once so that 12 instead of 16 matings are shown pro- 
ducing affected male and female offspring respectively. 

Whenever a gene descends from a female parent to her offspring, the prob- 
ability that the child will receive the mutant gene is 1/2, that it will receive the 
normal allele is also 1/2. If the gene is located on the X chromosome of the 
male, the probability that his daughters will receive the mutant gene is the 
probability of there being no crossover, which will be designated as g. The 
probability that his sons will receive it under similar circumstances will be the 
probability of a crossover occurring, namely p. Conversely, when the gene is 
present on the Y chromosome of the male, the probability of his sons receiv- 
ing the gene will be g and of his daughters receiving it will be p. It will be noted 
from figures 1 and 2 that every time a male is born affected, there has had to be 


Fics. 1-4. Squares represent males, circles females. A clear symbol represents an unaffected per- 
son, a black symbol one affected with the trait. In these, the sawtoothed line represents matings be- 
tween first cousins. The curved line drawn around the straight descent line indicates the point at which 
a crossover must have occurred. The left hand matings in each figure represent the mutant gene as 
having been present in the X chromosome of the female in the first generation; the middle matings 
represent the gene as being in the Y chromosome of the male in the first generation; the right hand 
matings represent the gene for the defect as being present in the X chromosome of the same male. 
The letters X and Y beside the figures show through which chromosome the gene has been trans- 
mitted from generation to generation. (See pages 18 and 19.) 
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Fic. 2. Matings of Types 2 and 4, with males affected 


1 2 3 
x Y x 
x x Y Y Y Y 
Y x Y Y x 
Y x Y x Y x 
4 ‘6 
x Y x 
x x Y x Y x 
Y x Y x Y x 
Y x Y x Y x 
Fic. 1. Matings of Types 1 and 3, with males affected 
x x 
x x x x x x 
x x x x x x 
Y x Y x Y x 
n 12 
x Y x 
x x x Y x Y 
x x x x x x 
Y x Y x 
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Fic. 4. Matings of Types 2 and 4, with females affected 


x Y x 
x x Y Y Y 
Y x Y x v x 
x x Xp x x x 
% 37 18 
x Y x 
x Y x Y x 
Y x ¥ x ¥ x 
A x x x x x 
Fic. 3. Matings of Types 1 and 3, with females affected 
19 21 
x ¥ x 
x xK x x x x 
x a XK x x x 
x x x x x x 
22 23 2 
x Y 
x Y x 
x x x x x 
x x x 2 x x x 
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at least one crossover before the mutant gene can be duplicated in him. But 
in the case of the female, there are 5 matings out of a possible 16, in which no 
crossover must occur, if an affected female is to be obtained. If the crossover 
value is nil, there can be no affected males who bear a mutant gene duplicated 
from a single ancestor; all the affected will be females. At the other extreme, 
if the crossover value is 50, as many affected males as females may be born of 
cousin matings. Between these two extremes lies a graded series of values 
depending upon four factors; (1) the type of cousin mating involved; (2) the 
site of the mutant gene on the sex chromosome of the ancestor; (3) the cross- 
over value of the gene; and (4) the size of the sibship. 

In figures 1 to 4, whenever a crossover has been necessary to transfer the 
mutant gene from the X to the Y of the male, or vice versa, in order that it 
may be duplicated in the affected child, a curved line has been drawn about 
the line of descent. It will be noted, of course, that when the descent is from the 
paternal line, all the crossovers that are necessary to produce an affected male 
take place before the gene becomes located in the father. Once this has been 
accomplished, all males, with the exception of crossovers, will possess the 
chromosome bearing the mutant gene. In order to produce an affected female, 
however, a crossover must occur every time an affected female is to receive the 
gene from her father. As the mother passes on her mutant gene 1/2 of the time, 
one half of the males, minus one half of the crossovers, will be affected, and 
one half the males, plus one half of the crossovers will be normal. Similarly, 
in the matings shown in figures 3 and 4, when the mutant gene comes to the 
father through his mother, no matter what crossovers have had to occur be- 
fore the father gets the mutant gene, an additional one must take place for 
each affected male to be born, but none must occur for an affected female to be 
born. Here one half of the female offspring minus one half of the crossovers 
will be affected, and one half the females plus one half of the crossovers will be 
normal. 

Derivation of ratios of affected females to affected males: If the probability of 
a crossover is designated as f and of a non-crossover as g, we may express 
the probability of the mutant gene being duplicated in a male or female child 
in each of the 16 matings shown in figures 1 to 4. The probability of obtaining 
an affected male in mating 1, figure 1, may be expressed as 1/8 pq’. This is 
derived as follows: there are 3 times when the line of descent is through a 
female to her offspring; each time the probability that she transmits the 
mutant gene and not the normal allele is 1/2, thus making the total probability 
of transmission through the female equal to 1/8. Twice the transmission is 
from a male to his offspring and there must be no crossover if the mutant gene 
is to be transmitted in the needed manner. Finally, there is one instance in 
which the line of transmission is from a male to his offspring and a crossover 
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is essential if the gene carried on his X chromosome derived from his mother is 
to be transferred in the Y chromosome to his son. Hence the probability of 
transmission through the male is fq’. Similarly, in mating 2, the probability 
of the gene being transmitted in duplicate from the Y chromosome of the 
ancestor to his affected great-grandson is 1/2 pq‘, since 4 times it must go from 
the Y chromosome of the male parent to the Y chromosome of the offspring with 
no crossover; once it must go from the Y of the male to an X of the female, in- 
volving a crossover; and once it must go from a mother to her son with a 
chance of 1 in 2 of its being so transmitted. The total product of these six 


TABLE 2. PROBABILITIES OF AFFECTED MALE AND FEMALE OFFSPRING OF COUSIN MATINGS INVOLVING 
A PARTIALLY SEX-LINKED RECESSIVE GENE 


MATING PROB. OF AFFECTEDG" MATING PROB. OF AFFECTED 9 


1 1/8 pq? 13 1/8 pq 
1 1/8 pq? 1/8 
2 1/2 pq* | 14 1/2 pq 
3 1/2 pq? | 15 1/2 pig 
4 1/16 pq 16 1/16 p? 
4 1/16 pq | 16 1/16 p? 
5 1/4 pq | 17 1/4 
6 1/4 pq? 18 1/4 pg? 
7 1/32 p 19 1/32 q 

7 1/32 p | 19 1/32 q 

8 1/8 p? | 20 1/8 pq 
9 1/8 pq? 21 1/8 g 

10 1/16 pq 22 1/16 ¢@ 
10 1/16 pg 22 1/16 ¢? 
1/4 piq 23 1/4 
12 1/4 pig 24 1/4 p%q? 


Each of the above probabilities must be multiplied by 1/16 since each mating has 1/16 probabil- 
ity of occurring. The ratio of affected females to affected males is given in the text. 


probabilities is 1/2 pg‘. Similarly, all 16 probabilities can be expressed for the 
affected male, remembering that matings 1, 4, 7 and 10 are duplicated. 

In like manner all 16 probabilities can be expressed for the affected female 
occurring in any of these matings. The total probabilities for each sex being 
affected are set forth in table 2, together with the sum of all the probabilities 
for each sex and the ratio of affected females to affected males if all types of 
cousin matings are occurring with equal frequency. It is, of course, assumed 
that all four sites for the mutant gene occur with equal frequency, an assump- 
tion that seems justified for several reasons. Both X chromosomes of the 
female are identical with respect to their likelihood of carrying the gene, and 
both are equally likely to be the one transmitted to the male offspring. Since 
crossing over occurs, the Y chromosome of the male becomes the recipient of 
the mutant gene, and thenceforth becomes the chromosome carrying the gene 
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and only likely to lose it by the event of crossing over. An equilibrium is 
established so that all four sites of the mutant gene are equally frequent in the 
population. The ratio of affected females to affected males, being the sum of all 
the probabilities for the former divided by the sum of all the probabilities for 
the latter is as follows: 


—16p° + 48p* — 64p° + 40p° — 11p + 5 __ affected females 


16p° — 64p* + 96p* — 72p? + 27p affected males 


The ratio is given by Haldane in his paper but in a different form from that 
given here, in which only the crossover value is represented, while that of 
Haldane uses both the crossover and non-crossover value in his formula. 

In table 3 values have been assigned to p, and, assuming that the sex ratio is 
1:1, the percentages of affected offspring which will be female are listed. It 
will be found, when the crossover value is low, namely .01, that almost 95 
per cent of affected offspring will be females. When the crossover value is still 
low, but at .10, the percentage of affected that are females has dropped off 
rapidly, being only 67.2. By the time it is 25 per cent, the percentage of affected 
that will be females lies so close to the equality level that the value expected, 
namely 52.7 per cent, could be easily found as a sampling variation. It would 
take a large sample of first cousin matings, much larger than one will find in any 
partially sex-linked recessive trait, to distinguish between a mere sampling 
variation and a true percentage of 52.7. Hence only in traits the genes for 
which are situated very close to the nonhomologous segment will there appear 
to be an excess of affected females that is at all noticeable. 

It must be remembered that in the event that the cousins who mate do not 
receive their mutant gene from a common ancestor, this excess of females is 
not expected, since the crossing over is necessary only to duplicate the same 
gene in a single descendant. It is much more likely, however, that, if the 
parents are cousins, they have received the gene from a common ancestor 
than that they have received it from unrelated ancestors. In the event of 
autosomal recessive gene, the probability that a cousin will have the same 
gene if a given cousin has it, is 1/8. If a is the frequency of a rare recessive 
gene in the population, the probability of an unrelated mate having the same 
gene is approximately 2Aa, which is the frequency of the heterozygote in a 
randomly breeding population. If @ is very small, 24a becomes practically 
2a, as A is almost 1. The relative probability that a person with a mutant 
recessive gene will mate with another heterozygote if he mates with a cousin 
on the one hand and an unrelated person on the other is 1/8 / 2a or 1/16. 
In the event of the gene being partially sex-linked and recessive the probability 
of the gene being duplicated in a cousin, if one cousin already has it is less than 
1/8, and the lower the crossover value of the gene, the farther away from 
1/8 will the probability of duplication be. 
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The probability of a cousin having the gene, provided one cousin already 
has it can be calculated from figures 1 to 4. For example, in mating 1, assume 
first that it is the male who has the mutant gene, and compute the probability 
that his female cousin also has it. The probability that he got it from his father 
is p, that his uncle also received it from the grandmother is 1/2, and that the 
uncle also passed it on to his daughter is g. The total probability then is 1/2 
pg. But it may have been that it was the female cousin who had the gene; the 
probability that her male cousin also had it is in this instance exactly the 


TaBLE 3. THE PERCENTAGE OF AFFECTED OFFSPRING FROM COUSIN MATINGS THAT ARE EXPECTED 
TO BE AFFECTED FEMALES WHEN THE CROSSOVER VALUE RANGES FROM .01 To .50 


CROSSOVER PERCENTAGE OF AFFECTED | GROSSOVER PERCENTAGE OF AFFECTED 
VALUE; ? WHICH IS FEMALE VALUE; ? WHICH IS FEMALE 

01 94.7 21 54.7 
.02 90.3 .22 54.1 
.03 86.3 .23 53.6 
04 82.6 24 53.2 
.05 79.4 25 52.7 
.06 76.4 .26 52.4 
.07 73.7 27 52.0 
.08 71:3 .28 51.7 
.09 69.2 .29 51.5 
67.2 .30 51.2 
11 65.4 31 51.04 
12 63.8 32 50.86 
13 62.4 33 50.71 
14 61.0 34 50.56 
15 59.9 35 50.46 
16 59.0 40 50.1 
17 57.8 45 50.01 
.18 56.9 | 50 50.00 
.19 56.1 

.20 55.4 


These percentages are based upon a sex ratio of 1:1. 


same, namely 1/2 pg. (In both instances, if p = .5 and g = .5, the probability 
is 1/8, the same as for an autosomal recessive gene.) But if mating 5 is chosen, 
the probabilities are not the same if one starts with the male cousin as having 
the mutant gene and compute what they would be that the female cousin has 
it, or if one starts it in reverse order with the female and computes what would 
be the probability for the male cousin having it. In the first case it is 1/2 pq; 
in the second it is 1/2 g*. Wherever there is no crossover or where there are 
two crossovers from the great-grandparent to the two children who are to 
produce the mating cousins, the probabilities are the same whether one starts 
with the male cousin or with the female cousin as having the gene. Where 
there is but one crossover at this point, the probabilities are different, and so 
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32 probabilities have to be computed, 16 when it is assumed that the male 
cousin has the mutant gene, and 16 when it is assumed that the female cousin 
has the mutant gene. The sum of these divided by 32, gives the average prob- 
ability for a cousin who has the mutant recessive gene on the homologous 
segment of a sex chromosome, mating with a heterozygote if a cousin is selected 
as the mate. This value proves to be 1/128 (—22p? + 21p + 11). The prob- 
ability that this cousin with the gene will mate with a similar heterozygote is 
the same as for an autosomal recessive gene, namely, 2Aa, or if the gene is 
rare, practically 2a. The relative probabilities are as before 


1/128 (—22p* + 21p + 11) 
2a 


With a gene frequency of 1/400, (making the trait frequency 1/160,000), 
which does not seem out of the way for a rare trait like xeroderma pigmen- 
tosum, the heterozygote frequency would be about 1/200. With a cross- 
over value of 14 to 35 per cent (the range which Haldane has postulated for 
xeroderma pigmentosum) the chances of mating with a heterozygote if 
one chooses a cousin (supposing that one already has the gene) would be 21 
to 24 } times as great respectively as if one chooses an outsider. Hence in 
cousin matings involving the transmission of partially sex-linked recessive 
genes, the expected excess of females among the affected progeny will be little 
altered by the fact that a few of these matings were such that they did not 
involve duplication of a mutant gene from a single ancestor in an affected 
great-grandchild, and so required no crossovers. 

The frequency of the four types of cousin matings in parents of offspring show- 
ing a partially sex-linked recessive trait: In an earlier section of this article, 
the frequency of the four types of cousin matings as found in the population 
at large was discussed. It was found that with the exception of the data fur- 
nished by Orel, all the other series of cousin matings could be regarded as having 
come from a population in which the four types occurred with about the same 
frequency. If one were to collect a series of cousin matings in which the offspring 
had developed a trait or traits dependent upon partially sex-linked recessive 
genes, one would find a distorted distribution of the four types of cousin 
matings; the departure from equality being different for each trait, and being 
dependent upon the crossover value of the genes for the various traits exhibited. 
Let Pyx designate the probability of having the mutant gene present in the 
Y chromosome of the father and the X chromosome of the mother in matings 
1 through 6 of figure 1, and matings 13 through 18 of figure 3. Let Pxx desig- 
nate the probability of having the mutant gene present in the X chromosome 
of the father as well as in the mother in matings 7 to 12 of figure 2 and matings 
19 to 24 of figure 4. 


PARTIAL SEX-LINKAGE 
EPrx for matings 1, 1, 2,3 = (1 + 29° + 2") 


>Pyx for matings 4, 4, 5,6 = Pa + 49°) 


1+ + 29° 


>Pxx for matings 7, 7, 8,9 = 3 


>Pxx for matings 10, 10, 11, 12 = 2 (1 + 49°) 


TABLE 4. RELATION BETWEEN CROSSOVER VALUE OF PARTIALLY SEX-LINKED RECESSIVE GENE AND 
PROPORTION OF THE FOUR MATING TYPES EXPECTED AMONG HETEROZYGOUS FIRST COUSINS 


COV Type 1 MM Type 2 FF Type3 MF | Type4FM 

(pg/2(L + 2p? + 2g%)) 1/8(1 + 2p? + | p/4(1 + 4g) | g/4(1 + 49°) 
05 | 9.3% | 49.1% 7.9% | 33.5% 
.10 | 15.0% | 41.8% 13.4% | 29.6% 
15 18.7% 36.7% 17.2% 27.3% 
.20 | 21.1% 33.0% 19.9% | 26.0% 
.25 22.7% | 30.2% 21.9% | 25.2% 
.30 23.7% | 28.2% 23.2% | 25.0% 
35 24.3% 26.8% 24.1% | 25.0% 
40 | 24.7% 25.8% 24.7% | 25.0% 
45 24.8% 25.1% 25.0% | 25.0% 
.50 | 25.0% 25.0% 25.0% | 25.0% 


The figures are based upon the assumption that the four mating types occur with equal frequency 
among first cousins. The probability that the two cousins who mate will be heterozygous depends 
upon the crossover frequency of the partially sex-linked recessive gene. When the crossover value 
is 50%, all types will be found with equal frequency, but when the crossover frequency is low, the 
type which occurs most often is Type 2, where the children are offspring of two sisters. 

The formulas at the top of the four columns, express the probability of obtaining a male and fe- 
male first cousin pair from each of the four mating types. 


These are also the values for the same matings in figures 3 and 4. The average 
probability for each of the four types of matings is 2Pyx or Pxx divided by 
four. If now the various values of p and q are substituted in these formulas, 
the probabilities of finding any of these four types of matings among parents of 
children affected with a partially sex-linked recessive gene can be determined. 
The percentages of each type among the total number of cousin matings found 
with varying crossover values of the genes are set forth in table 4. With a 
crossover value of .05, almost half of the cousin matings are of type 2, and 
another third of them of type 4. Thus, even although cousin matings in which 
the husband is related to his wife through his mother form one half of the 
total number of cousin matings in the general population, they are found in 
over 83 per cent of cousin matings if the trait appearing in their offspring is 
dependent upon a partially sex-linked recessive gene with a low crossover value 


= 
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of .05. Should there be a preponderance of matings of type 2 or of 2 and 4 together 
in the population in general, the excess of such matings among parents of 
offspring affected with a partially sex-linked recessive gene would be even 
greater. 

In the case of the excess of females the degree of excess drops rapidly as the 
crossover value rises. Similarly, in the case of the excess of cousin marriages of 
type 2, the degree of excess drops very rapidly in comparison with the rising 
crossover value of the gene. When the crossover value has reached 25 per cent, 
a very large series of cousin matings would be needed to detect that the ratios 
of the various types of cousin matings found were in fact a true departure from 
an expected equality of occurence and not merely a sampling variation. Again, 
all of the genes so far said to be partially sex-linked and recessive are so rare 
that there would not be a sufficiently large series of cousin matings found to 
determine whether there was an excess of type 2 matings. The gene would have 
to have a very low crossover value before a true excess of type 2 matings could 
be discovered. 

Ratio of affected females io affected males in offspring of cousin matings when 
the mode of relationship is known. The discussion up to this point has assumed 
that in a series of cousin matings the mode of relationship is unknown when the 
ratios of affected females to affected males in the offspring is determined. 
Two remaining points need to be brought out. The first is, if the mode of re- 
lationship between the mating cousins is known, that is, whether the father 
is related to his wife through his father or his mother, the ratio of affected 
females to affected males is ~/g when the relationship is through the father’s 
father; and g/p when the relationship is through the father’s mother. If each 
mating in the left hand column of table 2 is examined in turn, and compared 
with the corresponding mating listed in the right hand column, it is apparent 
that in matings 1 to 6 and 13 to 18, the ratio of the right hand column to the 
left is p/g, and from matings 7 to 12 and 19 to 24, the ratio is g/p. In such 
relationships one does not need to use the formula given for series of cousin 
matings where the mode of relationship is not known. 

The second point is that the above formulas have been worked out for just 
one affected offspring in each family. If the family has two children or more, 
the ratio of affected females to affected males is no longer exactly that ex- 
pressed by the formula. 

Ratios of affected females to affected males in families with xeroderma 
pigmentosum and in which the manner of relationship of the mating cousins 
is known may be examined to see what one actually finds in practice. Xero- 
derma pigmentosum is one of the traits said by Haldane to show partial sex- 
linkage, the first crossover value assigned being .14 and later .35. In 1944 ! 
published a table including the cases cited by Haldane who had in turn cited 
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most of them from Siemens, in which the manner of relationship was known. 
It included some cases not mentioned by Haldane, in which the manner of 
relationship had been obtained by personal correspondence with the authors. 
That table with the cases added since then is reproduced in table 5. Unfortu- 


TABLE 5. SEX DISTRIBUTION OF NORMAL AND AFFECTED OFFSPRING IN SIBSHIPS WITH XERODERMA 
PIGMENTOSUM WHEN THE MODE OF INHERITANCE THROUGH THE FATHER IS KNOWN 


Through the Paternal Side 


AUTHOR NORMAL } AFFECTED | NORMAL AFFECTED 


MALES | MALES FEMALES FEMALES 
Bell & Rothnem.................-. 2 2 
Through the Maternal Line* 


* Riider’s cases were omitted from this table. Although Siemens says the man was related to his 
wife through his maternal line, and had 6 affected sons, I have not been able to find the original 
article with this information. This case involves 6 crossovers if the mode of relationship is as Sie- 
mens states. 


nately, most of the cases of xeroderma pigmentosum are recorded in literature 
not easily available, and, moreover, many accounts do not give the needed 
information, even when the parents are related. 

It will be noted that when the line of inheritance is through the father’s 
paternal side, there were 24 children affected, 16 of whom were males and 8 
females. Since the females represent the crossovers, there were 33.3 per cent 
crossovers in these families. Similarly, when the inheritance was through the 


% 
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father’s maternal line, there were 14 affected of whom 5 were males, repre- 
senting crossovers. Here the percentage was 35.7. In these cousin marriages 
where the mode of relationship is known, there is no excess of affected females; 
actually there are only 17 females as compared with 21 males. Also there are 
fewer marriages with the father related to his wife through the maternal line 
than there are where the relation is through the paternal line, 8 and 11 re- 
spectively. This may mean one of several things: (1) The sample is small, 
and, although the deviation is against the direction of partial sex-linkage in 
each test, it is actually small, and not outside the limits of sampling error. 
50.46 per cent of affected offspring are expected to be females and 51.8 per 
cent of related marriages are expected to be through the maternal line at a 
crossover value of 35 per cent. (2) There is a greater tendency to report an 
affected male than an affected female. Why this should be so in this disease, 
and not in others in which one expects and usually finds an equal distribution 
of the sexes, is hard to say. This theory can be tested, however, by examining 
the sex distribution of affected children in (a) a series of families in which the 
parents were related but the mode of relationship was not known; (b) in a 
series of unrelated families; (c) a series of families in which only the sex of 
the affected is given and the number and sex of the normal children is left 
unstated. These 3 series are recorded in my former paper, and with cases found 
in the literature since then the sex distribution is as follows. In group a, there 
were 25 affected males and 15 affected females. In group b, there were 109 
affected males and 89 affected females. In group c, there were 53 affected 
males and 58 affected females. The total of these three plus those in table 5 
gives 207 affected males and 180 affected females. Chi square distribution 
shows that a discrepancy as great as this from equality would be expected 
about 18 per cent of the time. With the exception of group c, the excess of males 
might be attributed to a tendency to report the male more often. (3) There is 
actually a tendency in those regions from which most of the xeroderma pig- 
mentosum cases come for cousins to mate when the man is related through his 
father to the woman he marries. (4) The observed facts do not fit the interpre- 
tation that xeroderma pigmentosum is dependent upon a partially sex-linked 
recessive gene. Opposed to the latter interpretation is the fact that there is a 
significantly greater proportion of males affected when the relationship is 
through the paternal line, and a correspondingly significant high proportion 
of females affected when the relation is through the maternal line. 

The second point, namely the ratio of affected females to affected males 
when more than one in the family is affected is a matter to be discussed in a 
subsequent paper. 


SUMMARY 


When a gene is recessive and partially sex-linked, the ratio of affected 
females to affected males among the progeny of consanguineous matings is 
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dependent upon several factors. These are (1) the proportion of each of the 
four types of first cousin matings found in the series of cousin marriages under 
discussion; (2) the site of the mutant gene on the sex chromosome of the 
ancestor, which mutant gene is to be duplicated in the affected great-grand- 
child of this ancestor; (3) the crossover value of the gene in question; and (4) 
the size of the sibship. The first three of these factors are discussed in this 
paper; the fourth will be taken up in a subsequent publication. 

In the literature reviewed, the four types of cousin matings appear to be 
taking place with about the same frequency with the exception of those found 
in Orel’s data. With equal frequency among the four types of matings, there is 
an excess of females expected among the affected offspring. This excess of af- 
fected females is greatest when the crossover value is very low, and decreases 
rapidly with an increase in the crossover value. 

Even in a population in which all four types of cousin matings are occurring 
with the same frequency, an excess of matings in which the cousins are off- 
spring of two sisters will be found, when the matings are encountered because 
the offspring have a partially sex-linked recessive trait, the gene for which has 
a low crossover value. Should such matings actually be occurring more often 
in the population than the other three types because of social customs, the 
excess of such matings among the parents of affected offspring will be in- 
creased beyond that expected at the crossover level of the gene. The per- 
centage of females among the affected offspring will also be increased beyond 
that expected for the crossover value of the gene. 

Should the gene frequency be relatively low, the crossover value low, and the 
proportion of cousin matings in which the male is related to his wife through 
his father be high, the anomalous situation would arise in which consanguineous 
matings would occur but seldom among the parents of offspring with a rare 
recessive trait. The low crossover value would prevent the gene from being 
duplicated in the male, which always requires at least one crossover, and also 
from being duplicated in the female, which also would require crossovers in 
this type of mating. Hence the expected excess of consanguineous matings 
among parents of offspring affected with a recessive trait would be lacking or 
less than expected, and practically all the affected offspring would arise 
through unrelated marriages. Moreover, one could not determine the gene 
frequency by estimating the trait frequency, since the latter would be less than 
a°*. Heterozygous cousins would not be producing their quota of affected off- 
spring. 
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Hereditary Pattern for Multiple Osteomas 
in a Family Group’ 


ELDON J. GARDNER anp HENRY P. PLENK 


Laboratory of Human Genetics and Department of Radiology, University of Utah, 
Salt Lake City 1, Utah 


IN a previous investigation of the incidence of intestinal polyps in a family 
group (Gardner & Stephens, 1950; Gardner, 1951) “surface tumors” of un- 
known nature and significance were found to be prevalent among the members. 
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Fic. 1. Pedigree chart showing incidence of intestinal polyposis, carcinoma and multiple osteomas 
in Kindred 109. 


A high percentage of the individuals who were afflicted with intestinal poly- 
posis also had “surface tumors”. These were of two types—hard and soft. 
Family members referred to the hard lumps as “bone tumors” in contrast to 
“soft tumors” which were confined to the subcutaneous tissue. The incidence 
and mode of inheritance of the bone tumors in the family group will be dis- 
cussed in this paper. X-ray examinations of the skull and forearms were per- 
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TABLE 1. RESULTS OF EXAMINATIONS FOR THE DETECTION OF INTESTINAL POLYPS AND OSTEOMAS 


AGE WHEN * ROENTGENOLOGICAL EXAMINATION OF SKULL 
EXAMINED PROCTOSCOPIC EXAMINATION AND FOREARMS 


INDIVIDUAL | 


IV-2 45 Multiple polyps Multiple osteomas (1 removed). Changes 
| | in long bones. 
IV-4 41 Negative | Negative 
IV-7 47 Negative | Negative 
IV-10 41 Negative Negative 
IV-12 32 Multiple polyps Multiple osteomas 
IV-13 45 Negative Negative 
IV-14 43 Multiple polyps Multiple osteomas (1 removed) 
IV-16 39 Negative Minor thickening in radius and ulna. 
IV-17 Negative Minor thickening in radius and ulna. 
IV-18 35 Negative Not examined 
IV-19 33 Negative Negative 
V-1 19 Negative Negative 
V-3 27 Negative Negative 
16 Negative Negative 
12 Negative Negative 
20 Multiple polyps Multiple osteomas 
18 Negative Negative 
14 2 polyps 1 large osteoma. Several small dense 
areas. 
19 | Negative | Negative 
19 Negative Negative 
16 Negative Negative 
| Negative Negative 
Negative Negative 
Negative Negative 
Negative Negative 
Negative Minor cortical changes in ulna. 
Negative Negative 
Negative Negative 
Negative Negative 
Negative | Negative 
Negative | Negative 
Negative | Negative 
Negative Slight protuberance in frontal bone. 
Multiple polyps Multiple osteomas 
Negative | Negative 
Negative | Negative 
Negative | Negative 
Negative | Negative 
Negative | Negative 
Negative | Negative 
Negative Negative 
Negative Negative 
Not examined | Negative 
Not examined | Negative 
Negative Negative 
Not examined Negative 
Negative | Negative 
Negative Negative 
Not examined Not examined 
Not examined Negative 
Not examined Negative 


* Roentgenological examinations of the colon were also performed when warranted. 
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formed on nearly all members of the group. Pathological diagnosis from biop- 
sies is available for two cases. 


RESULTS OF EXAMINATIONS 
The family group is represented diagrammatically in figure 1. The Roman 
numerals indicate generations and the arabic numbers identify individuals in 
each generation. Those individuals found by previous examination to have 
intestinal polyposis and carcinoma as well as those with osteomas are identi- 


Fic. 2. Bilateral osteomas of mandible shown in IV-2 (fig. 1) 


fied on the chart. The results of the examinations are summarized in table 1. 
Six individuals (IV-2, IV-12, IV-14, V-7, V-9 and V-29) were found to have 
multiple polyps in the colon. In the same six patients, bony tumors were de- 
tected by roentgenological examination. These lesions consist of single or 
multiple proliferations of dense bone arising chiefly from the mandibles and 
the maxilla but also from the frontal and other cranial bones. The most strik- 
ing example of bilateral osteomas of the mandible in a member of the group is 
illustrated in figure 2. Figure 3 is a roentgenogram of the mandibles of this 
same patient. The pathological diagnosis of osteoma was made on this patient 
as well as on available specimens removed from other patients in this group. 
These patients were between the ages of 14 and 45 at the time of examination. 


All other members of the group examined, except one, were found to be normal 
for both abnormalities. In this one (V-28), who was 3 years of age, minor bone 
changes could be demonstrated from the roentgenograms but no polyps were 
observed at proctoscopy. The youngest person (V-9) found to have intestinal 
polyps and osteomas was 14 years of age. 
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HISTORY OF DECEASED MEMBERS 


In the family group under consideration, 14 people are dead. Data concern- 
ing these individuals are summarized in table 2 along with the source of in- 
formation. According to the available evidence, the same relationship between 
multiple polyps and osteomas existed in earlier generations. At least 9 of the 
14 deceased members died with carcinoma of the large bowel. Presumably, 
these patients had multiple polyps which underwent malignant degeneration. 
The presence of carcinoma was established by pathological methods in 3 of the 
9 deceased individuals. Information concerning the other 6 was obtained 
from death certificates, relatives and friends. Data are not available to estab- 


Fic. 3. Roentgenogram showing bilateral osteomas of mandible in IV-2 (fig. 1) 


lish the presence of bony tumors in 4. The remaining patients had definite 


bone tumors though pathological diagnoses are not available. We may assume 
that their bony tumors were manifestations of the same disease which was 
identified in living members of the group. 


MODE OF INHERITANCE 


The pattern (fig. 1) of inheritance of both polyposis and osteomas shown in 
this group is characteristic of a simple dominant gene. As a working hypothesis 
the same gene is postulated to influence both abnormalities. It is difficult to 
visualize any immediate connection between benign osteomas and polyps of 
the colon. Yet the correlation is impressive and must represent more than a 
coincidence. Some fundamental gene controlled process may give rise to both 
manifestations. If the hypothesis of a single pleiotropic gene cannot be estab 
lished, the possibility of a genetic linkage between two dominants, responsible 
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TABLE 2, EVIDENCE FOR INTESTINAL POLYPS AND OSTEOMAS AMONG THE 


DATE | AGE 
OF AT 
DEATH | DEATH 


INDI- 
VIDUAL 


L-1 1889 | 


MULTIPLE OSTEOMAS 


DECEASED MEMBERS OF GROUP 


INTESTINAL POLYPS 


Symptomatic. 
Death prob- 
ably from 
cancer. 


Death from car- 
cinoma of 
bowel. 


Colectomy per- 
formed, death 


from carcinoma | 


of rectum. 


| Death from car- 


cinoma of 
bowel. 

Death from car- 
cinoma of rec- 
tum. 


| Suggested from 


symptomatic 
evidence. 


| 
Positive diagno- 


sis, colectomy. 
Death from “‘in- 
testinal flu’’. 


| None. Accidental 


death. 

Symptomatic. 
Death from car- 
cinoma of rec- 
tum. 


| Positive diagno- 


sis, colectomy. 
None. Accidental 

death. 
Symptomatic. 

Death from car- 


cinoma of stom- 


ach and bowel 
obstruction. 
None 


SOURCE OF 
INFORMATION 


OSTEOMAS 


Family record, 
relatives, 
death certifi- 
cate in posses- 
sion of rela- 
tives. 


| Death certificate, 


nurse on case, 
relatives, 
friends. 


| Death certificate, 


relatives, 
friends. 


Death certificate. 


| Death certificate. 


| Friends and 


relatives. 
Hospital records. 
Death certificate. 
Death certificate. 
Relatives, 

friends, death 


certificate. 


Hospital records. 


Death certificate. | 


Relatives, hospi- 
tal records, 
autopsy 
report. 


Autopsy report. 


| 
| 
| 


| 
| 


Unknown 


Unknown 


Unknown 


Hard irregulari- | 


ties on head. 


Hard irregulari- | 


ties on head. 


Unknown 


Hard irregulari- 


ties on head. 
None observed. 


None observed. 


Hard irregulari- | 


ties on head. 


Bony tumor re- 
moved. 
None observed. 


Multiple bony 


exostosis of 
scalp and 
forehead. 


| None observed. 


SOURCE OF 
INFORMATION 


Relatives and 
friends. 


Relatives 


Husband, rela- 


| tives. 


Relatives 


Relatives 


Relatives 


| Hospital records, 


photograph. 
Relatives 


Autopsy report, 
relatives. 


Relatives, per- 
sonal history. 


for the expressions, remains to be explored. It will be observed from the pedi- 
gree chart that in every sibship where the trait is expressed, one parent also 


35 
= 
| 
| 
| 
| 1935 | 58 | 
| 
| 
| 
| 1921 | 4 
IL-3 916 | 33 | 
| 
11-4 | 1942 | 
| 
| 1937 | 34 
| 
IV-3 1929} 22 
| 
vs 123) 1 | 
| 
IV-8 | 1940 | 35 
| 
IV-9 | 1936 | 29 | 
IV-11 | 1941 | 29 
IV-15 | 1941 | 31 
| 
V-11 1950 | 20 
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is afiected. About half of the children of an affected parent have the abnormali- 
ties while all of the children of those parents not affected are normal. Since no 
two people with the abnormalities are known to have married, the behavior of 
the gene in homozygous condition is unknown. Presumably all of the matings 
which have occurred in the family group are of the backcross type (Pp X //). 


SUMMARY AND CONCLUSIONS 


1. The simultaneous occurrence of polyposis of the colon and of bone tumors 
is described in members of one family group. 

2. All six patients known to have polyps of the large bowel have mani- 
festations of bone tumors. 

3. A dominant mode of inheritance is indicated for both abnormalities. 
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Heredity of the M-N-S Blood Types 


Theoretico-Statistical Considerations 


ALEXANDER S. WIENER 
Serological Laboratory, Office of the Chief Medical Examiner, New York City 


By injecting human blood of group O into rabbits Landsteiner and Levine 
(1928a) obtained antisera which after suitable absorption yielded reagents for 
three previously undescribed agglutinogens of human blood. Two of these ag- 
glutinogens, designated by the letters M and N, were found to be related to 
one another, and determined three types of human blood, M, N, and MN. By 
family studies Landsteiner and Levine (1928b) showed that the three M-N 
types are inherited by a pair of allelic genes, giving rise to three genotypes 
corresponding to the three phenotypes as follows: type M, genotype MM; 
type N, genotype VN; and type MN, genotype MN. This theory has been 
substantiated by studies on a large series of families, and the M-N types have 
found their most important application in legal medicine for solving problems 
of disputed parentage (Wiener, 1943). 

For a long time, the M-N types were considered to constitute a simple sys- 
tem of only three types, as originally described by Landsteiner and Levine. 
The development of new techniques for detecting immune isoantibodies (Wie- 
ner, 1945; Coombs et al., 1945; Morton and Pickles, 1947) led to the demon- 
stration that the M-N system is actually far more complicated. Recently, 
Walsh and Montgomery (1947) detected in the serum of a mother of an eryth- 
roblastotic baby not only an Rh antibody but also a second antibody which 
gave reactions different from those of any of the known blood group antibodies. 
A sample of the serum was tested by Sanger and Race (1947) who showed that 
the antibody in question gave reactions related to the M-N system. The new 
agglutinogen was designated by the symbol S and the corresponding antibody 
as anti-S. It was shown that by using anti-S serum each of the three M-N 
types could be subdivided, resulting in a more complex system of 6 M-N-S 
types. To account for the hereditary transmission of these 6 M-N-S types, 
Sanger et al. (1948) postulated a series of tightly linked gene couplets or allelic 
pseudogenes, MS, Ms, NS, and Ns, respectively. More recently, Levine et al. 
(1951) studied the serum of an Rh-positive mother of an erythroblastotic baby 
and detected an antibody in it giving reactions reciprocally related to the agglu- 
tinogen S. The new agglutinogen and corresponding antibody have been de- 
signated s and anti-s, respectively. The discovery of serum anti-s has consider- 
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ably increased the interest and importance of the M-N-S system, because 
when all four antisera are available, it becomes possible to differentiate as 
many as 9 phenotypes corresponding to the 10 theoretically possible genotypes. 

The M-N-S types are of considerable theoretical importance, because they 
present the same problems regarding serology, genetics, and nomenclature as 
the Rh-Hr types (cf. Wiener, 1951). The discovery of agglutinogens S and s has 
considerably enhanced the usefulness of the M-N system for the solution of 
problems of individual identification, disputed parentage, interchange of in- 
fants, and zygosity of twins. Thus far, only limited quantities of the antisera 
have been available, so that the number of studies carried out have been few. 
However, the essential facts are known and it is possible to make certain 
theoretico-statistical calculations. The purpose of this paper is to present such 
a theoretico-statistical analysis of the M-N-S types. While, as will be pointed 
out, it is possible to devise a simplified nomenclature for the M-N-S system 
analogous to Wiener’s nomenclature for the Rh-Hr types, for clarity in this 
paper the original nomenclature of Sanger and Race will be used with only 
minor changes. 


HEREDITY OF THE M-N-S TYPES 


In table 1 are given the serological reactions of the M-N-S types, showing 
the 9 possible phenotypes and 10 corresponding genotypes. If we let @ repre- 
sent the frequency of gene MS, b represent the frequency of gene NS, c repre- 
sent the frequency of gene Ms, d represent the frequency of gene Ws, then the 
frequencies of the 9 phenotypes in terms of the gene frequencies a, 6, c, and d 
are as given in the column headed “formula” in table 1. With the aid of these 
formulae we have calculated the approximate distribution of the 9 M-N-S 
types in England, based on the frequencies of the 4 genes as given by Fisher 
(1951). These gene frequencies were computed by Fisher from the observations 
of Sanger and Race on a large series of individuals tested with anti-M, anti-N, 
and anti-S sera, at a time when anti-s had not yet been found. 

The formulae can be used to verify the genetic theory by applying them to 
data obtained by testing a large series of individuals with all four reagents. 
Thus, the frequencies of the four genes can be estimated from the frequencies 
of the phenotypes as follows: 


a= VMS (1) 
b= /NS (2) 
c= (3) 
d= /N:s (4) 


Having determined the gene frequencies with the aid of formulae (1) to (4), 
the frequencies of the other five phenotypes can then be calculated in order to 
determine how closely the theoretically expected values agree with those actu- 
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ally observed. Moreover, if the genetic theory is correct, the sum of the cal- 
culated gene frequencies, a + b + ¢ + d, should equal 100 percent. 

If we let D = 1 — (2 + 6 + ¢ + d), then it is necessary to calculate the 
value of ap in order to test whether the genetic theory is valid. The value of 
gp is determined as follows: 

Let the frequency of type M.S = A, of type N.S = B, M.s = C, and N.s = D. 


then, a=V/A 
b = 
c= 
d= +/D 


By using the same reasoning as was used when analyzing the genetics of the 
three M-N types (Wiener, 1931), it can be shown that: 


where N represents the number of persons tested 


=F 


and there are similar formulae for o, and oq. 


Similarly, 


Moreover, 
AB 
(1 — A)(1 — B) 
/ AC 
— 
20 


with similar formulae for raa, Tc, Tea, AN Fea. 

But op =o2 +62 + oa + + 
+ + + + Oa 

So that 
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Substituting A = a?, B = 2, C = e,andD = @ 
4 


4N 


and 


_ v3 
cp 2VN ( 


Because anti-s sera has only recently been found, there are as yet no data to 
be tested with the aid of these formulae. 

The theory can also be tested by studies on families. There are 45 different 
kinds of matings which can occur, and the M-N-S types which can occur among 
the children of each mating are readily determined. Nevertheless, it may be of 
some value to have a table summarizing the possibilities, and for that reason 
table 2 was prepared. This table is easily constructed because the genotype of 
an individual is evident from his phenotype for 8 of the 9 types, while for in- 
dividuals of type MN.Ss there are only two genotypes possible. Theoretically 
no more than four types can occur among the children of a single family. How- 
ever, in the matings with one or both parents belonging to type MN.Ss, namely, 
Nos. 11, 26, 28, 29, and 35, as many as 6 or 8 possible M-N-S types are given 
for the offspring. The reason for the seeming paradox is that these matings 
actually represent more than one kind of family; in some the parents of type 
MN‘Ss belong to genotype MSNs while in others the genotype of the parents 
of type MN.Ss is MsNS. According to a personal communication from Race, 
he and his co-workers have recently tested a series of families with all four sera, 
anti-M, -N, -S, and anti-s, and the results obtained conform with the theoretical 
expectations. 


INDIVIDUAL IDENTIFICATION 


A simple type of problem which can be solved with the aid of blood grouping 
tests is the following. Suppose a fresh blood stain is found from which blood 
suspensions can be prepared and completely typed with all available antisera, 
and it is desired to know whether this stain contains the blood of a particular 
individual. Obviously, only a negative answer can be given, that is, if the blood 
type of the stain and of the individual are different, then the blood stain is not 
his; on the other hand, if the groups are the same the blood stain is not neces- 
sarily his because of the possibility of coincidence. In cases where the blood 
spot does not contain the blood of the suspected individual, the chances of 
exonerating him by blood group tests is given by the general formula: 


(6) 


i=1 
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where Aj, As, As --- Ax represent the respective frequencies of the k types into 
which blood can be classified with the reagents available. 
For example, in the case of the M-N types, 
Im.w = 1 — (M? + MN? + N?) 


If m represents the frequency of gene M, and m represents the frequency of 
gene J, then, 
Iu.w = 2mn(2 — 3mn) (7) 


Similarly, in the case of the three S-s types, we have 


= 2p9(2 — 39g) (8) 


where p represents the frequency of gene S, and q represents the frequency of 
gene Ss. 

If I, represents the chance of solving a problem of disputed identity by one 
system of blood types, and I, the chance by using a second independent system 
of blood types, then the combined chances of proving non-identity by using 
both systems is given by the formula: 


— (9) 


_ However, this formula cannot be applied to the M-N-S types, because S-s is 


not independent of M-N. One can calculate Im.n,s,. directly by applying the 
general formula (6). To determine the value of the chances in terms of gene 
frequencies one must then substitute the formulae given in table 1 for the 
frequencies of each phenotype. This, upon simplification, yields the following 
formula for the chances of establishing non-identity by the M-N-S types: 


=1—-(@+R+ 2+ a)? 4+ — 8abed (10) 


Applying these formulae to the Caucasoid population given in table 1, one 
finds that the chances of proving non-identity by the three M-N types are 
62.3 percent, by the three S-s types they are 59.0 percent, while for the nine 
M-N-S types combined the chances are 83.6 percent. It may be of interest to 
note that had we assumed that S-s was independent of M-N and used formula 
(9), we would have found the chances for the M-N-S types combined to be 
84.5 percent, which is not much different from the correct value. 


DISPUTED PARENTAGE 


As in individual identification, so also in disputed parentage blood tests may 
be used for purposes of exclusion only. Problems of disputed parentage may 
present themselves in a variety of forms. At times, the question may be posed 
whether a certain woman is the mother of a certain child; such a situation has 
occurred, for example, when a wet-nurse kidnapped a baby and claimed it to 
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be her own child. In a second more common type of case it is desired to deter- 
mine whether or not a given man is the father of a certain child. Usually in 
such cases the mother of the child is known, but at times it is not possible to 
test the mother’s blood. In a third type of problem, the question may be raised 
whether a man and woman are the parents of a child; this could occur, for ex- 
ample, when a couple claims that a certain child whose parents are unknown 
is theirs, a situation which has arisen not infrequently as an aftermath of the 
last war. Finally, the blood tests are useful for detecting interchange of babies 
in hospitals; in such cases there are usually two babies and two pairs of parents 


TABLE 1. THE M-N-S TYPES 


3 M-N TYPES 9 M-N-S TYPES | senquences 
Reaction with sera Among 
Anti-M Anti-N Anti-S | Anti-s (percent) 
M + - M.S + - MSMS a’ 6.1 
M.Ss + + MSMs 2ac 14.0 
M.s + MsMs 8.0 
MN + + MN.'S | + | — | MSNS 2ab 4.0 
MN.Ss| + | + | MSNsand MsNS  2ad + 2bc | 23.8 
| MNs | — | + | MsNs 2cd 22.1 
| 
N - + | NS + — | NSNS 0.6 
N.Ss + + | NSNs 2bd 6.2 
N.s coed + NsNs @ 15.2 


* The symbols a, b, c, d, represent the frequencies of genes MS, NS, Ms, and Ns, respectively. 
t Based on the gene frequencies reported by Race and Sanger (1951) and Fisher (1951) for Lon- 
don. 


to be tested. The chances of arriving at a decision with the aid of the M-N-S 
types for each of these problems will be considered separately. 
Chances of Excluding Maternity. From the mathematical standpoint this is the 
simplest situation to analyze. The question which is presented here is whether 
a certain woman is the mother of a certain child. A comparable situation exists 
when one wishes to determine whether a given man is the father of a certain 
child in cases where the mother’s blood is not available for examination. 
Firstly, when the three M-N types alone are considered it is evident that a 
decision is possible only when the supposed mother belongs to type M and the 
child to type N, or when the supposed mother belongs to type N and the child 
to type M. The chances of encountering one or the other of these cases are 
given by the simple formula: 


= 2MXN (11) 


1 
1 
1 
1 
1 
1 


TABLE 2. HEREDITY OF THE 


M-N-S BLOOD TYPES 


M-N-S TYPES 


MATING 


M-N-S TYPES POSSIBLE IN CHILDREN 


M-N-S TYPES IMPOSSIBLE IN CHILDREN 


1 
) = 
| 1.M.Sx M.S 


2. M.S x M.Ss 
3. MSxM.s 


4. M.Ss x M.Ss 
5. M.Ss x M.s 


ww 


6. M.s x M.s 


M.S 
M.S, M.Ss 
M.Ss 


M.S, M.Ss, M.s 
M.Ss, M.s 


M.s 


M.Ss, M.s, MN.S, MN.Ss, MN.s, N.S, 
N.Ss, N.s 

M.s, MN.S, MN.Ss, MN.s, N.S, N.Ss, 
N.s 

M.S, M.s, MN.S, MN.Ss, MN.s, N.S, 
N.Ss, N.s 

MN.S, MN.Ss, MN.:s, N.S, N.Ss, N.s 

M.S, MN.S, MN.Ss, MN.s, N.S, N.Ss, 
N.s 

M.S, M.Ss, MN.S, MN.Ss, MN.s, N.S, 
N.Ss, N.s 


7. M.S x MN.S 


8. M.S x MN.Ss 
9. M.S x MN.s 

10. M.Ss x MN.S 
11. M.Ss x MN.Ss 


. M.Ss x MN.s 
13. M.s x MN.S 
14. M.s x MN.Ss 
15. M.s x MN.s 


| M.S, MN.S 


M.S, M.Ss, MN.S, MN.Ss 


| M.Ss, MN.Ss 


| M.Ss, M.s, MN.Ss, MN.s 


M.S, M.Ss, MN.S, MN.Ss 
M.S, MSs, Ms, MNS, 
MN.Ss, MN.s 


M.Ss, MN.Ss 
M.Ss, M.s, MN.Ss, MN.s 
M.s, MN.s 


M.Ss, M.s, MN.Ss, MN.s, N.S, N.Ss, 
N.s 

M.s, MN.s, N.S, N.Ss, N.s 

M.S, M.s, MN.S, MN:s, N.S, N.Ss, N.s 

M.s, MN:s, N.S, N.Ss, N.s 

N.S, N.Ss, N.s 


M.S, MN:S, N.S, N.Ss, N.s 

M.S, M.s, MN.S, MN.s, N.S, N.Ss, N.s 

M.S, MN:S, N.S, N.Ss, N.s 

M.S, M.Ss, MN.S, MN.Ss, N.S, N.Ss, 
N.s 


16. M.SxN.S 


17. M.S x N.Ss 
18. M.S x N.s 


19. M.Ssx N.S 

20. M.Ss x N.Ss 
. MSs x N.s 

22. M.s x N.S 


we 


23. M.s x N.Ss 
. MsxN.s 


MN.S 


MN.S, MN.Ss 
MN.Ss 


MN.S, MN.Ss 
MN.:S, MN.Ss, MN.s 
MN.Ss, MN.s 
MN.Ss 


MN.Ss, MN.s 
MN.s 


| M.S, M.Ss, M.s, MN.Ss, MN.s, N.S, 


N.Ss, N.s 
M.S, M.Ss, M.s, MN.s, N.S, N.Ss, N.s 
M.S, M.Ss, M.s, MN.s, MN.s, N.S, N.Ss, 
N.s 
M.S, M.Ss, M.s, MN.S, N.S, N.Ss, N.s 
M.S, M.Ss, M.s, N.S, N.Ss, N.s 
M.s, M.Ss, M.s, MN.S, N.S, N.Ss, N.s 
M.S, M.Ss, M.s, MN.S, MN.s, N.S, 
N.Ss, N.s 
M.S, M.Ss, M.s, MN.S, N.S, N.Ss, N.s 
M.S, M.Ss, M.s, MN.S, MN.Ss, N.S, 
N.Ss, N.s 


25. MN.S x MN.S 
26. MN.S x MN.Ss 


7. MN.S x MN.s 
28. MN.Ss x MN.Ss 


. MN.Ss x MN.s 


M.S, MNS, N.S 


M.S, M.Ss, MN.S, MN.Ss, 
N.S, N.Ss 

M.Ss, MN.Ss, N.Ss 

M.S, M.Ss, M.s, MN‘S, | 
MN.Ss, MN.s, N.S, N.Ss, 
N.s 

M.Ss, M.s, 
N.Ss, N.s 


MN.Ss, MN:.s, | 


M.Ss, M.s, MN.Ss, MN.s, N.Ss, N.s 
M.s, MN:s, N.s 


| M.S, M.s, MN.S, MN.s, N.S, N.s 


None 


M.S, MN.S, N.S 


43 
| 
| 
| 
| | 
| 
| | 
| — 
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TABLE 2—Continued 


MATING M-N-S TYPES POSSIBLE IN CHILDREN | M-N-S TYPES IMPOSSIBLE IN CHILDREN 
30. MN.s x MN.s M.s, MN.:s, N.s | M.S, M.Ss, MN.S, MN.Ss, N.S, N.Ss 
31. MN.Sx N.S | MNS, N.S | M.S, M.Ss, M.s, MN.Ss, MN.s, N.Ss, 
| Ns 
32. MN.S x N.Ss MN.S, MN.Ss, N.S, N.Ss_ M.S, MSs, M.s, MN.s, N.s 
33. MN.Sx Ns MN‘Ss, N.Ss | M.S, M.Ss, M.s, MN.S, MN.s, NS, 
N.s 
34. MN.Ss x N.S | MN.S, MN.Ss, N.S, N.Ss M.S, M.Ss, M.s, MN.s, N.s 
35. MN.Ss x N.Ss | MN.S, MN.Ss, MN.s, N.S, M.S, MSs, M.s 
| N.Ss, N.s 
36. MN.Ss x N.s | MN.Ss, MN.s, N.Ss, N.s M.S, M.Ss, M.s, MN.S, N.S 
37. MN.sx N.S | MN.Ss, N.Ss | M.S, M.Ss, M.s, MN.S, MNss, NS, 
N.s 
38. MN.s x N.Ss MN.Ss, MN:s, N.Ss, N.s | M.S, M.Ss, M.s, MN.S, N.S 
39. MN.s x N.s | MN.s, N.s M.S, M.Ss, M.s, MN.S, MN\Ss, N.S, 
| | N.Ss 
40. N.Sx N.S NS | M.S, M.Ss, M.s, MN.S, MN.Ss, 
| N.Ss, N.s 
41. N.Sx N.Ss N.S, N.Ss | M.S, M.Ss, M.s, MN.S, MN.Ss, MNs, 
Ns 
42. N.SxNis N.Ss | M.S, M.Ss, M.s, MN.S, MN.Ss, MN.s, 
| NS,Ns 
43. N.Ss x N.Ss N.S, N.Ss, N.s | M.S, M.Ss, M.s, MN.S, MN.Ss, MN.s 
44. N.Ss x N.s N.Ss, N.s | M.S, M.Ss, M.s, MN.S, MN.Ss, MN.s, 
NS 
45. Nsx Ns | Nis | M.S, M.Ss, M.s, MN.S, MN.Ss, MNs, 
N.S, N.Ss 
Or, expressed in terms of gene frequencies, 
= 2m?n? (12) 
Similarly for the three S-s types 
Ps,. = 2SXs (13) 
Or, expressed in the terms of gene frequencies, 
Ps,. = (14) 


The chances of excluding maternity by the nine M-N-S types together is not 
merely the simple sum of Py,x and Ps,,., because this would entail counting 
twice instances of double exclusion by both M-N and S-s. The correct value is 
obtained by subtracting from the sum the frequency of such double exclusions 
as follows: 


Pu.nws.s = 2MXN + 2SXs — 2MSXNs — 2MsXNS (15) 
Or, expressed in the terms of gene frequencies, 


Puxss = + c)*(b + d)? + (a + b)*%(c + d)? — ad? — (16) 


|_| 
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For the Caucasoid population under consideration, the chances of excluding 
maternity by the three M-N types are 12.4 percent, the chances of excluding 
maternity by the three S-s types are 9.7 percent, while the combined chances 
of excluding maternity by the nine M-N-S types are 19.2 percent. Again, in- 
terestingly enough had we assumed that S-s was independent of M-N, the re- 
sult obtained, namely, 20.9 percent, would not have been much different from 
the correct value. 

Chances of Excluding Paternity. The most common problem with which the 
medicolegal expert is confronted is that of disputed paternity. In almost all 
such cases the mother of the child is known, and her blood is available as well 
as that of the putative father and child. Naturally, the chances of excluding 
paternity are considerably greater when the mother’s blood is available than 
when it is not. The chances of excluding paternity of a falsely accused man 
by the M-N types have been previously derived by Wiener, et al. (1930). If 
m represents the frequency of gene M, and m the frequency of gene J, then: 


Py, = n(1 — mn) (17) 


where Py, signifies the chance of excluding paternity when the accused man is 
known to belong to type M. 


Similarly, Py = m(1 — mn) (18) 


where Py represents the chance of excluding paternity when the accused man 
belongs to type N, 


and = 0 (19) 


From these three values one can derive the average chances of excluding pa- 
ternity, that is, the chances when the M-N type of the putative father is not 
known. This is given by the following formula: 


Pu.~w = mn(1 — mn) (20) 


For the Caucasoid population under consideration these formulae yield the 
following results. A falsely accused man of type M has a 35.3 percent chance 
of being exonerated, a man of type N has a 39.8 per cent chance, while a man 
of type MN has no chance. The average chances of being excluded by the M-N 
types for a falsely accused man are 18.7 percent. 

In the analogous problem involving the three S-s types, the same formulae 
can be used by substituting S for gene M and s for gene JN. If the falsely accused 
man belongs to type S, he has a 52.4 percent chance of being exonerated by the 
S-s types; a type s man has a 25.6 percent chance of being exonerated, while 
a type Ss man can never be excluded by these tests. For the three S-s types 
the average chances of excluding paternity are 17.2 percent. 

Again, to determine the chances of exclusion using the nine M-N-S types, 
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one does not merely add the separate chances for M-N and S-s, because the 
instances of double exclusion must be subtracted from the sum. When deriving 
the needed formula, and in making the arithmetic calculations a table of fre- 
quencies of mother-child combinations is helpful. Thus, such a table of mother- 
child combinations was used when deriving the formulae for the three M-N 


TABLE 3. FREQUENCIES OF MOTHER-CHILD COMBINATIONS 


M-N-S M-N-S TYPE OF CHILD 
TYPE OF 
MOTHER /M.S| | M.s| MN.S MN.Ss | | N.S| NSs | Nos 
M.S. a | at 0 | abd a’d 0 | 0 | 0 0 
MSs | at | ac(a + ¢) | ac | abe ac(b + d) acd 0 0 
Ms |0 | ac be? ed 0 |0 0 
MNSS | abc 0 | ab(a + b) | + d) 0 ab? | abd 0 
MN‘Ss | a*d| ac(b + d) | bce ab(c + d) | ad(a+d) + cd(a + b) | Bc | bd(a +c) | ad? 
bc(b + c) 

MN.s | 0 | acd ed | 0 cd(a + b) cd(c+d)|0 | bed cd? 
NS |0 |0 0 | ab Be 0 B | Bd 0 
NSs |0 |0 0 | abd bd(a + c) | bed Bd | bd(b + d) | bd? 
N.s 0 |0 0 | 0 ad? | cd? 0 | ba? a 


TABLE 4. FREQUENCIES OF MOTHER-CHILD COMBINATIONS* 


M-N-S TYPE OF CHILDREN 
M-N-S TYPE OF MOTHER 


MS | MSs | Ms | MNS | MNSs| MNs | NS | NSs | Nas 
M.S | 0151 .0173 | 0 | .0049 | .0237 | 0 0 0 0 
M.Ss | .0172 | .0370 | .0198 | .0057 | .0329 | .0272 | 0 0 0 
Ms | .0198 | .0227 | 0 | .0065| .0312) 0 | 0 0 

| | | 

MNS 0049 | .0057 | 0 .0066 | 0134, 0 | .0016 | .0078 | 0 
MN.Ss 0237 .0329 | .0065 | .0135 | .0694 | .0361 | .0019 | .0167 | .0374 
MN.s | | 0312} 0 .0361 | 0740) 0 .0089 0428 
N.S 0 0 0 .0016 | .0018 0 | .0005| .0025 0 
N.Ss 0 0 0 | .0078 | .0167 | .0089 | .0025 | .0148 | .0123 


N.s | O 0 0 | | .0428 0 .0123 .0589 


* Calculated for population given in table 1. 


types. In table 3 are given the formulae for the frequencies of the various 
mother-child combinations for the more complicated situation involving the 
9 M-N-S types, while in table 4 the actual numerical frequencies for the Cauca- 
soid population under consideration have been calculated. When we consider 
each of the 9 M-N-S types individually the chances of excluding paternity for 
men belonging to these types are as follows: 


Pus = n(1 — mn) + — pg) +P +O +E 41) bed (21) 


t 
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where m and m represent the frequency of genes M and N, respectively; p and g 
the frequencies of genes S and s; a, b, c, and d, the frequencies of genes MS, 
VS, Ms, and Ns, respectively; while Py.s is the chance of excluding paternity 
when the falsely accused man is known to belong to type M.S. 


Similarly, Pyss = — mn) (22) 
= n(1 — mn) + p(1 — pg) — +h a +41) 

+ abd (23) 

Puns = 9(1 — pg) (24) 

= 0 (25) 

Pun.s = p(1 — pq) (26) 
= m(1 — mn) + g(1 — pq) — +B + 1) 

+acd (27) 

Pyss = m(1 — mn) (28) 


Py. = m1 — mn) + — pq) 
1) + abe (29) 


The average chance of excluding paternity by the 9 M-N-S types, that is, 
when the man’s exact type is not known, is given by the formula: 


= mn(l — mn) + pg(1 — pq) 
+ + ad + be + be) + abcd (30) 


Substituting the values for the gene frequencies of the Caucasoid population 
under consideration, we obtain the following results: 


= 63.3 percent 

= 35.3 percent 

Pyy.s = 56.4 percent 

Pyuws = 52.4 percent 

= 0 

Pyw.s = 25.6 percent 

Py.s = 76.5 percent 

Py.ss = 39.8 percent 

= 49.9 percent 

Average chances, Py.n,s,. = 31.5 percent 


It is interesting to note again that were the M-N and S-s types independent 
the calculated chance of excluding paternity would be 32.7 percent, which is 
not much different from the correct value. Fisher has calculated the combined 
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chances of excluding paternity by the M-N-S types for the Caucasoid popula- 
tion under consideration to be 33.1440 percent. 

Chances of Excluding Parentage. Here both of the supposed parents, the putative 
mother as well as the putative father, are questionable, as in a kidnapping case. 
The chances of excluding parentage are higher than in the first two cases an- 
alyzed, because there are two putative parents who may be excluded. For the 
three M-N types, the general formula of the chance of excluding parentage is 
readily derived, and is given below: 


T 
P = 4 (4 — 5T + 3T?) (31) 


where T represents the frequency of the phenotype MN in the general popula- 
tion. The same formula can be used for calculating the chances of excluding 
parentage by the S-s types, the symbol T then representing the frequency of 
type Ss. Applying this formula to the Caucasoid population under considera- 
tion, we find that the chances of excluding parentage by the three M-N types 
are 28.1 percent, while the chances of excluding parentage by the three S-s 
types are 26.2 percent. To derive a general formula for the chances of exclud- 
ing parentage by the 9 M-N-S types combined is a laborious task. In the first 
two problems which were considered, the chances of exclusion by assuming that 
S-s was independent of M-N proved to be close to the correct value, so that 
probably the same would be true in the present case. Thus, under the assump- 
tion of independence between S-s and M-N, the combined chances of excluding 
parentage becomes 46.9 percent, while Fisher (1951) gives for the chances of 
detecting interchange of infants (by which he really means the chances of 
excluding parentage) by the 9 M-N-S types the value of 45.6499 percent. 
Chances of Detecting Interchange of Infants. Blood grouping tests are most 
useful for solving this type of problem, because with two pairs of parents and 
two children available for testing the chances of arriving at a decision are 
high. The chances of detecting interchange of infants with the aid of the three 
M-N types have already been determined by Wiener (1951) whose formula is 
as follows: 


, 
(16 28T + 20T? T?) (32) 


where T represents the frequency of type MN in the population. The same 
formula can be used for the S-s types, with T representing the frequency of 
type Ss in the population. 

No attempt has been made to derive a general formula for the chances of 
detecting interchange of infants by the 9 M-N-S types combined, because with 
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45 matings to be analyzed the derivation of such a formula would be a prodi- 
gious task. However, for reasons already indicated, a rough estimate of the 
chances can be made by assuming independence between S-s and M-N. Apply- 
ing formula (32) to the Caucasoid population under consideration, one finds 
that the chances of detecting interchange of infants by the three M-N types 
is 42.9 percent for the three S-s types the chances are 41.0 percent, while with 
the nine M-N-S types combined as many as two thirds of such problems could 
be solved. 


ZYGOSITY OF TWINS 


Still another type of problem to which blood grouping has been applied is 
for determination of the zygosity of twins. Here, as in the cases of disputed 
parentage, only negative conclusions may be drawn, that is, if the blood groups 
of the twins are different they cannot be identical twins, but if the blood groups 
are the same they may or may not be uniovular. The chances, when one is 
dealing with fraternal twins, that the blood groups will disclose this fact have 
been derived for the A-B-O groups and M-N types by Wiener (1935) and by 
Wiener and Leff (1940). 

In the case of the three M-N types the chances of proving dizygosity of 
fraternal twins are given by the formula: 


T 
Zux = (8 37) (33) 


where T represents the frequency of type MN in the population. The same 
formula can, of course, be used for the three S-s types in which case T represents 
the frequency of type Ss. 

Applying the same method to derive the chances of proving dizygosity of 
fraternal twins by means of the nine M-N-S types the following rather involved 
formula is obtained: 


+ F(at + b¢+ c+ d*) — 2(ab + ac + ad+be+ bd + cd)? + 4abed (34) 


where a, b, c, d, as before, represent the frequencies of the four genes. Applying 
these formulae to the Caucasoid population under consideration one finds that 
the chances of proving dizygosity by the three M-N types is 40.5 percent, by 
the three S-s types 36.7 percent, while for the nine M-N-S types the chances 
are 56.2 percent. It may be of interest to point out that for the latter case 
Fisher gives the chance of 55.7231 percent. Incidentally, in this case the as- 
sumption of independence between S and s and M-N would yield the incorrect 
high value of 62.3 percent. 
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SEROLOGY, GENETICS, AND NOMENCLATURE 


As Landsteiner (1945) has pointed out, when the blood of an animal is 
agglutinated by two sera containing antibodies of different specificities, this 
may be interpreted in two different ways, namely, either the blood contains 
two different agglutinogens or the blood contains a single agglutinogen and 
the factors with which the antibodies react are partial antigens within this 
single agglutinogen. One way to differentiate the two cases is by heredity 
studies. For example, in the case of group AB blood, since the factors A and B 
undergo Mendelian segregation it is evident that such blood contains two 
separate agglutinogens A and B. On the other hand, in the case of blood of 
subgroup A;, the blood factors A, and common A never separate and there- 
fore must be partial antigens within a single agglutinogen; similarly blood of 
subgroup A: contains the partial antigens common A and O (or A:). That is 
why the simpler designations A; and A: were substituted for the original desig- 
nations AA; and AA, by Landsteiner. Similarly, typical blood of type Rh, 
should never be designated as Rh.rh’ or CD because the factors rh’ (C) and 
Rh, (D) in such bleod are partial antigens and do not represent separate 
agglutinogens, as proved by their genetic behavior. The designation Rh,rh’ 
(or CD) would be permissible, however, in the rare instances where the indi- 
vidual is known to belong to genotype R°r’. 

From their genetic behavior it is apparent that M-N and S-s are also partial 
antigens within a single agglutinogen molecule. Designations such as M.S are 
therefore misleading, because they imply the possibility of segregation between 
M and S. The argument that the genes for M-N and S-s may be closely linked 
within the same chromosome is invalid, because over a period of thousands 
of generations crossing-over would yield the same equilibrium distribution in 
the population as independent assortment. The fact is that in the case of the 
M-S types, as well as the Rh-Hr types and the subgroups of A, there is no 
indication that such an equilibrium is being reached or even approached. Thus, 
it is apparent that the factors M and S are not separable.” 

The parallelism between the M-N-S types and the Rh-Hr types becomes ap- 
parent if we substitute M for rh’, N for hr’, S for rh”, and s for hr”, except that 
there is no property corresponding to Rh, in the M-N-S system. Moreover, a 
simple and rational nomenclature for the M-N-S types and genes could readily 
be devised as follows: Let L (the letter L is selected in honor of Landsteiner) 
represent the gene responsible for the agglutinogen containing factors M and 
S, ] the gene corresponding to the complex agglutinogen N.s, / be the gene 
for N.S, and /™ be the gene for agglutinogen M.s, so that the table of equiva- 

? This viewpoint has received support from work carried out by Pickles (1952) while this paper 
was in press. Pickles showed that the S factor like the M and N factors is destroyed by proteo- 


lytic enzymes, indicating that M, N, and S are partial antigens within a protein molecule. On the 
other hand, the A-B-O and Rh-Hr blood factors, resist the action of proteolytic enzymes. 
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lents shown in table 5 can be drawn up. With this as a basis, table 6 was pre- 
pared to show the reactions of the nine M-N-S types and the corresponding 
genotypes expressed in these notations. 

Landsteiner demonstrated how a single antigen of relatively simple chemical 
structure can stimulate the production of multiple antibodies differing in 
specificity. Moreover, he showed that when a single antibody cross-reacts with 
two different agglutinogens this does not necessarily indicate the presence in 


| CORRESPONDING 
SEN 

AGGLUTINOGEN 


Simplified | Longhand | Simplified Longhand 


notations designations | notations | designations | Anti-M | Anti-N | Anti-S Anti-s 
[8 NS S N.S + 
lM Ms M M.s | + | a 
l Ns ] N.s | + 4. 


TABLE 6. SIMPLIFIED NOMENCLATURE FOR THE M-N-S TYPES 


4 M-S TYPES 9 M-N-S TYPES | 
Reaction with sera Reaction with sera ag pa 
Anti-M Anti-S Anti-N | Anti-s 
+ | + ul 
+ Ss + {| | 
| sl Is] 
M + | MM + 
MI + | + 1M] 
LS + | 
IM | —- | + | LM 
+ | + | Li and 


the agglutinogens of identical substances, because cross-reactions can also re- 
sult from similarities in chemical structure. This may be compared to the man- 
ner in which a master or skeleton key opens many different locks of related 
structure, or the way that mixed crystals are formed, for example, by different 
benzene derivatives in which halogens and methyl groups are mutually sub- 
stituted. These observations preclude a one-to-one correspondence between 
antibodies, agglutinogens, and genes, as has been assumed by British investi- 
gators for the Rh-Hr blood factors. On the other hand, a one-to-one corre- 
spondence is possible between genes and agglutinogens with the understanding 


y 
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that agglutinogens in general behave as though they have mosiac structure 
and may react with a number of antibodies of different specificities. These con- 
cepts have received brilliant confirmation from the recent remarkable investi- 
gations by Briles et al. (1950) on blood types in chickens and by Stormont et 
al. (1951) on bovine blood groups. In Stormont’s investigations on bovine 
blood groups, for example, of 38 different blood factors studied 21 were mem- 
bers of a system designated the B system, and 7 members of a second system, 
the C system. The blood factors were inherited in blocks of divergent sizes 
forming unit agglutinogens with complex mosaic structures. A minimum of 80 
allelic genes had to be postulated to account for the complex agglutinogens of 
the B system and 22 for the C system, so that the situation is quite comparable 
to though more complicated than that of the Rh-Hr system in man. 


COMMENT 


Due to the lack of general availability of the necessary antisera, the matters 
discussed in this paper are for the time being largely of theoretic interest only. 
Several patients have been encountered thus far who were sensitized to agglu- 
tinogen S, and from them a few samples of serum have been obtained which 
give clear-cut and specific reactions by the tube agglutination method. Despite 
the low titer of these sera the sharpness of the reactions makes reliable results 
possible in the hands of trained workers. On the other hand, only a single ex- 
ample of anti-s has been found to date, and this was usable only by the anti- 
globulin technique. The serum was used by Race et al. (1951) for a family 
study, and he reports that his findings support the genetic theory discussed 
here. However, based on experience over a period of years with the anti- 
globulin test, the present author considers that any blood factor which is 
demonstrable only by this method is not ready for medicolegal application. 


SUMMARY AND CONCLUSION 


1. The nine M-N-S types are described, and the genetic theory of Sanger 
and Race is discussed. 

2. Formulae are given for computing gene frequencies and their probable 
errors, in order to subject the theory to a statistical test. 

3. Formulae are derived for the chances of solving a number of problems by 
the nine M-N-S types, namely, disputed identity, disputed paternity and ma- 
ternity, interchange of infants, and zygosity of twins. 

4. Reasons are presented why factors M-N-S must be considered partial 
antigens within unit agglutinogens, inherited by multiple allelic genes. 

For the time being the considerations discussed here are largely of academic 
interest due to the lack of availability of antisera, particularly against the 
agglutinogen s. 
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LETTER TO THE EDITOR 


Dr. NEEL’s review of Our Alomic Heritage, in a preceeding number of the American Journal 
of Human Genetics, raises four issues which invite further exploration. 

1. The review makes the point that the kinds of induced genetic changes in the mice of 
Dr. Charles’ experiment would not result in abnormal first generation offspring in man. 
There were three kinds of induced genetic changes picked up in the experiment. Dominant 
gene mutations would, of course, be detected in man during the first generation as well as at 
any other time. A woman carrying a chromosomal aberration (because of irradiation damage 
to her father’s spermatogonia which caused her to suffer frequent miscarriages) would also 
be recognized as abnormal because of her obstetrical history, even though a convincing proof 
of the genetic basis of her semi-sterility condition would require a study of generations be- 
yond the first. Dr. Neel is, of course, quite correct in pointing out that a certain class of re- 
cessive mutation would not result, in man, in an abnormality in the first generation but might 
be detected in Dr. Charles’ experiment. The fact is, however, that only two of the sixteen 
genetic changes reported by Dr. Charles were of this class of mutation, so it entered into the 
dose-rate calculations in only a minor fashion. 

The crux of the statement depends on what is meant by “abnormal first generation off- 
spring”. Dr. Neel presumably refers to phenotypic expressions whereas the genotypes have 
been altered, via each of the three pathways, im first generation animals whether or not they 
were immediately detectable. I think that this is the important biological aspect: the amount of 
genetic damage that has been induced regardless of the number of generations required to 
identify the pattern of inheritance. 

2. The review properly points to the difference in the “spontaneous abnormality”’ rate 
between humans (1-2 per cent) and the experimental mice (0.15 per cent) and implies that 
in extrapolating from mice to men, this consideration would tremendously alter the estimated 
irradiation dose, required to double the mutation rate in man, in an upward direction. This 
point is well made. Yet there are two other considerations, not mentioned by Dr. Neel, which 
would account, in large part, for the higher measurable spontaneous abnormality rate in 
humans relative to that in the experimental mice. The habit of female mice in destroying 
sickly young is in marked contrast to the special medical care often provided for comparable 
human infants and the isogenic nature of the experimental animals provides a completely 
different background than the genetic heterogeneity in human populations. If partially non- 
genetic aspects, such as these, account for the difference in spontaneous rates, then the review 
has not shown that the extrapolation is unwarranted. 

Regardless of the nature of the difference in the spontaneous rates, there is, presumably, 
no question regarding the fact of the ascending slope of the rate-dose regression line. This is 
the main point of the book. The hesitatingly suggested quantitative relationship thought to 
exist in humans, between the amount of irradiation and the number of mutations, is com- 
pletely secondary to the main message. And this was that, extrapolating qualitatively from 
all organisms, including Dr. Charles’ mice, in which the phenomena have been adequately 
studied, it would seem reasonably established that an increased amount of irradiation would 
result in an increased number of mutations—in man also. 

3. The review objects to my discussing the genetic prospects of hypothetical persons re- 
ceiving the current tolerance dose since, at Oak Ridge, “every effort is made to minimize the 
irradiation exposure and these efforts to date have been highly successful.” While it is ex- 
tremely lauditory that the average of the ten highest exposures in Oak Ridge workers in 1949 
54 
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was somewhat less than one-third of the current tolerance dose, it does not necessarily follow 
that such extreme caution would be exercised in other atomic energy installations in the 
future. I think it is important to try to demonstrate the potential hazards which would prob- 
ably result from exposures to radiation doses currently considered safe. 

4, The reviewer finally discusses a difficult topic—the method in which a writer communi- 
cates with his readers. Dr. Neel objects to my putting qualifying statements in footnotes and 
in the text material. The implication is that all qualifying statements should be emphasized. 
The duty of a writer is to present facts and interpretations in language designed for his read- 
ers; qualifying statements in the text and footnotes are not included for readers to ignore. 
A writer can hardly be expected to anticipate which sentences a reader is liable to skip. 

Dr. Neel expresses regret in the availability to the public of “so fragmentary and mislead- 
ing” a story since it could “exercise a profound effect in a vital area of labor relations’. 
The public is entitled to an honest statement about the research on the genetic effects of 
radiation, done at the public expense, in Hiroshima, Nagasaki, Rochester, Chicago, Oak 
Ridge, Bethesda, Hanford, etc. as soon as it can possibly be released. The public should not 
be denied such a statement because it casts a disagreeable light upon atomic energy. (Nor, 
incidentally, should less well-established statements be widely publicized because they hap- 
pen to illuminate atomic energy in a pleasanter fashion.) The primary value of the book under 
review is to be measured in terms of the correctness of the picture it presents of informa- 
tion available when it was written. This value of the book should be independent of any ef- 
fect, real or imagined, on public relations. 

ARNOLD B. GROBMAN 
Department of Biology 
University of Florida 
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BOOK REVIEWS 


Man on his Nature 


c 

By Sir CHARLES SHERRINGTON, London and New York: Cambridge Uni- P 
versity Press 1951, Pp. 300, $6.00 i 

SIR CHARLES Scott SHERRINGTON delivered the Gifford Lectures in 1937-8 and completed 4 
their publication in 1940 as “Man on his Nature”. Sir Charles was then 82 years old, the ; 
recognized world leader in neurophysiology, and this synthesis of his life’s thought seemed 


a fitting capstone to an extraordinarily creative career. The volume was reprinted in 1942 
and 1946. Now, at the end of 1951, a second edition, “entirely revised and reset,” has 
appeared. 

It would be presumptious as well as impossible in a few paragraphs, to summarize the 
historical perspective, the biological erudition, and the philosophical wisdom focused on the 
great problems of man’s body and behavior, his development and goal, his brain and mind, 
his duty to himself and the world. Suffice it to recall the richness of the first edition and to 
mention that when, in his mature years, Sherrington published a volume of poems, an inno- 
cent reviewer commented to the effect that the young author was obviously intelligent and 
showed much promise as a poet. This book is the poetic distillate of nearly ten decades of 
intelligent and sensitive living.* 


R. W. GERARD 
The University of Chicago 


Die Erbpathologie der sogenannten angeborenen Hiiftverrenkung 


By Pror. Dr. MED. KARLHEINZ IDELBERGER (Orthopedic Clinic, Univer- 
sity of Géttingen) Munich and Berlin: Urban and Schwarzenberg, 1951. 
Paper bound, 80 pages with 29 figures and 23 tables. Price: DM 11.- 


Dr. IDELBERGER is known for his previous twin studies on clubfoot and cleft palate. In this 
monograph he presents the results of a similar investigation of the inheritance of congenital 
dislocation of the hip. This work was begun in 1935 under auspices of the Kaiser Wilhelm 
Institute, and concluded during the war years, apparently under considerable handicap. 

The author investigated a series of 22,004 cases of congenital dislocation of the hip, finding 
236 pairs of twins in the group. Of these, 138 pairs were suitable for study, one or both 
members of 90 ascertained pairs having died before investigation. Three pairs were excluded 
from consideration because of questionable zygosity, and five pairs because of diagnostic 
error. Because of the possibility, suggested by other writers, that mechanical factors during 
pregnancy might be of significance in the etiology of the disease, extensive historic data re- 
garding the twin pregnancies are presented. The unequal sex ratio among affected children 
observed in all previously reported case collections was confirmed, the ratio of males to fe- 
males being 1:5.2 among the 22,004 original cases. 

In the investigation of the 138 twin families, 52 additional cases of dislocation of the hip 


* Since the above was written this long and luminous career reached its close. 
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were found among close relatives in 31 families. The frequency of other congenital anomalies 
found was not higher than that of the general population. 

The concordance rate among the 29 monozygous twin pairs was 42.7 per cent while the 
concordance among 109 dizygous pairs was only 2.8 per cent, this latter figure agreeing 
closely with the frequency of dislocation among sibs of index cases as observed by the author 
and others. The author concludes that congenital dislocation of the hip is conditioned by an 
irregularly dominant gene, with penetrance in males about 1 per cent and in females about 
5 per cent. He cites the agreement between the observed monozygous concordance rate of 
42.7 per cent and the known frequency of bilateral dislocation among all cases of 41 per cent 
as evidence favoring his conclusions regarding penetrance and expressivity of the mutant 
gene. 

This study has apparently been carefully done and is well presented with extensive clinical 
information on the families studied. Most of the data are presented in tabular form and 
compared, where possible, with similar information gathered from the literature. The re- 
viewer feels that this monograph is a worthy addition to the twin-family studies of pathologic 
genes. 


C. NasH HERNDON 
Dept. of Medical Genetics 
Bowman Gray School of Medicine 
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A VOTE OF APPRECIATION 


THE first three volumes of the American Journal of Human Genetics were edited by Dr. 
Charles W. Cotterman, whose resignation as editor effective January 1, 1952, has reluctantly 
been accepted by the Board of Directors. It was Doctor Cotterman who planned the format 
of the Journal and developed all its many details of style. The excellence of the Journal at- 
tests the breadth of his scholarship and the care with which he has edited each manuscript. 
His competence in biometrical interpretation has been of especial help to many authors. For 
his unselfish service to the Journal during its early infancy the American Society of Human 
Genetics at its annual meeting at Minneapolis in September, 1951, gave Charles W. Cotter- 
man a vote of appreciation for an editorial job exceptionally well done. 


